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Preface 


Ultrasound imaging techniques today represent a complementary yet indis- 
pensable tool in the process of diagnosis and care of kidney disease. Ultrasound 
machines are available in most departments of intensive care and nephrology, 
and their use has become a routine for clinicians directly involved in patient care 
rather than being procedures reserved only to experienced radiologists. The so- 
called ‘Visual Medicine’ is becoming part of the core curriculum of several dis- 
ciplines and nephrology is one of the most advanced fields in this endeavor. The 
evolution of ultrasound equipment into smaller and flexible devices, has further 
contributed to the expansion of application of sonography in the process of di- 
agnosis. The growing demand for education and training in this area has 
prompted us to develop this volume, timely published by Karger, in the book 
series ‘Contributions to Nephrology’. 

New generations of physicians and nurses consider renal echography to be 
an expansion of their physical examination of the patient, making portable ul- 
trasound equipment similar to what the stethoscope has been in the last century. 
This visionary approach requires the inclusion of visual medicine in the core 
curriculum of young physicians and nurses to make them acquainted with the 
newest techniques and the potential of the imaging approach to diagnosis. 

Nephrology is a subspecialty of medicine that will gather specific advantages 
from the wide application of ultrasound diagnostic techniques. The kidney is a 
deep organ in the abdomen and physical examination is often frustrating, if not 
useless, for the diagnosis of kidney problems. Echography has already demon- 
strated in recent years the enormous advantages for interventional practices 
such as kidney biopsy. Today, with the addition of Doppler techniques, US im- 
aging in nephrology has further enhanced its importance. 

Sonography is also important in the case of acute kidney diseases, allowing to 
expand the spectrum of diagnostic criteria and to trigger specific treatment 
strategies as in the case of acute urinary tract obstruction. The possibility to de- 
termine morphological parameters and at the same time to explore functional 


Vil 


aspects with contrast-enhanced or Doppler ultrasound techniques, is of great 
value in acutely ill patients especially in the case of oliguria. The non-invasive 
nature of the technique and the possibility to perform a morphological analysis 
without potentially toxic contrast media makes echography a technique of 
choice in patients at risk for acute kidney injury. Recently, further improvement 
has been achieved in contrast-enhanced ultrasound using non-toxic gas micro- 
bubbles as the image contrast enhancer. Another advantage of modern echog- 
raphy is the light weight of equipment, the easy transportability and the possibil- 
ity to perform examinations at the bedside without the need of transporting the 
patient to radiologic departments or special imaging areas of the hospital. 

Of course the wide application of echography in nephrology and critical care 
nephrology will require an investment in equipment and education of physi- 
cians and nurses. It remains obvious that ultrasound will bea first-line approach 
for diagnosis while more sophisticated approaches and other imaging tech- 
niques will always require an experienced radiologist and large and expensive 
equipment. Nevertheless, the wider application of ultrasound techniques in clin- 
ical routine will allow to rule out at a first glance some important pathological 
conditions and to concentrate on an accurate diagnosis of the patient. Clinical 
and biochemical data should also corroborate the diagnostic pathway. Because 
the outcome of sonography is operator-dependent, special attention should be 
made to make as many specialists in the area of nephrology and intensive care 
acquainted with the technique. For this reason, we feel that this book may rep- 
resent an important resource both for beginners and for advanced users of 
echography that will focus on their daily practice on diagnosis of kidney disease 
supported by ultrasound imaging techniques. 

Mario Meola, Pisa 
Ilaria Petrucci, Pisa 
Claudio Ronco, Vicenza 
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Abstract 

Acute kidney injury (AKI), also known in the past as acute renal failure, is a syndrome char- 
acterized by the rapid loss of kidney excretory function. It is usually diagnosed by the ac- 
cumulation of end products of nitrogen metabolism (urea and creatinine) or decreased 
urine output or both. AKI is the clinical consequence of several disorders that acutely affect 
the kidney, causing electrolytes and acid-base imbalance, hyperhydration and loss of 
depurative function. AKI is common in critical care patients in whom it is often secondary 
to extrarenal events. No specific therapies can attenuate AKI or accelerate renal function 
recovery; thus, the only treatment is supportive. New diagnostic techniques such as renal 
biomarkers might improve early diagnosis. Also ultrasonography helps nephrologists in 
AKI diagnosis, in order to describe and follow kidney alterations and find possible causes 
of AKI. Renal replacement therapy is a life-saving treatment if AKI is severe. If patients sur- 
vive to AKI, and did not have previous chronic kidney disease (CKD), they typically recov- 
er to dialysis independence. However, evidence suggests that patients who have had AKI 
are at increased risk of subsequent CKD. © 2016 S. Karger AG, Basel 


Definitions 


The definition of acute renal failure (ARF) is usually used to describe a syn- 
drome in which the rapid fall of glomerular filtration rate (GFR) determines 
retention of nitrogen catabolites with water and electrolyte imbalance and al- 
teration in acid-base status. Loss of GFR leads to a rapid increase in serum 


GFR criteria* Urine output criteria 


Increased sCr x 1.5 or UO <0.5 ml/kg/h 


Risk GFR decrease >25% x 6h 
High 
sensitivity 
. Increased sCr x 2 or UO <0.5 ml/kg/h 
Injury \ GFR decrease >50% x 12h 
Increased sCr x 2 UO <0.3 ml/kg/h a 
. GFR decrease 75% x 24 hor 5 
Failure or sCr >4 mg/dl anuria x 12h ®© 
(acute rise of 20.5 mg/dl) O 
High 
specificity 


Persistent ARF** = complete loss 
Loss of kidney function >4 weeks 


End stage kidney disease 


ESKD (>3 months) 


Fig. 1. Acute kidney disease: RIFLE criteria. UO = Urine output; ESRD = end stage renal 
disease [3]. 


creatinine (sCr) and may be associated with normal urine output, oliguria (urine 
output <500 ml/day) or anuria (urine output <100 ml/day). 

Symptoms that accompany ARF vary from multi-organ failure (MOF) to 
acute pulmonary edema and hyperkalemia [1]. This definition has 2 limits: (1) 
it lacks a GFR reduction cutoff, which is needed to determine ARF and (2) sCr 
is nota reliable marker of GFR in hemodynamically unstable patients. In the last 
decade, in order to achieve a unique definition of ARF, several groups developed 
new criteria for ARF diagnosis. In 2004, the Acute Dialysis Quality Initiative 
proposed the RIFLE criteria, based on sCr and diuresis, establishing for the first 
time the guidelines for the treatment and prevention of ARF (fig. 1) [1-3]. RIFLE 
is the acronym of Risk, Injury, Failure, Loss and End-stage kidney disease, and 
it seems to be a good outcome predictor, showing a progressive increase in mor- 
tality as RIFLE class increases. 

In 2007, the Acute Kidney Injury Network (AKIN) introduced a modified 
version of the RIFLE classification, in order to increase the sensitivity and spec- 
ificity of AKI diagnosis. The AKIN classification (fig. 2) states that AKI diagno- 
sis must be considered only after achieving an adequate hydration status and 
after excluding urinary obstruction. AKIN classification relies only on sCr and 
not on GFR changes; baseline sCr is unnecessary in the AKIN classification, and 
it requires at least 2 values of sCr within a period of 48 hours. AKI is defined by 
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sCr criteria Urine output (UO) criteria 


Increased sCr x 1.5 UO <0.5 ml/kg/h 
or x6h 
20.3 mg/dl 


Stage 1 


Stage 2 Increased sCr x 2 UO <0.5 ml/kg/h 


x 12h 


Increased sCr x 3 UO <0.3 ml/kg/h 


or x 24h 
Stage 3 sCr >4 mg/dl or 
(with acute rise anuria x 12h 


of >0.5 mg/dl) 


Fig. 2. Stages of acute kidney disease according to the akin group. AKIN considers the 
same variations of sCr as reported in RIFLE criteria, but an increased sCr of 0.3 mg/dl in 
48 h is also considered as a sign of AKI [14]. 


the sudden decrease of renal function in 48 h, defined by an increase in absolute 
sCr of at least 0.3 mg/dl or by a percentage increase in sCr >50% (1.5 x baseline 
value) or by a decrease in the urine output (documented oliguria <0.5 ml/kg/h 
for >6 h). AKIN classification, as RIFLE, allowed the identification and stratifi- 
cation of AKI in most hospitalized patients and was independently associated 
with their outcome. 

In 2012, the new Kidney Disease Improving Global Outcome (KDIGO) clas- 
sification for AKI has been published. In KDIGO guidelines, AKI is defined as 
any of the following: 

e increase in sCr by 20.3 mg/dl (226.5 mmol/l) within 48 h; or 

e increase in sCr >1.5 times baseline, which is known or presumed to have oc- 
curred within the prior 7 days; or 

e urine volume <0.5 ml/kg/h for 6 h. 


AKI severity is staged according to the criteria as shown in table 1. The cause 
of AKI should be determined whenever possible. 


Etiology 

AKI is a broad clinical syndrome that includes different causes, such as spe- 
cific kidney diseases (acute interstitial nephritis, acute glomerular and vascu- 
litic renal diseases), non-specific conditions (ischemia, toxic and/or drug in- 


jury), as well as extrarenal pathologies (pre-renal damage and acute post-renal 
obstructive nephropathy). More conditions may coexist in the same patient, 
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Table 1. KDIGO criteria for AKI staging 


Stage sCr Urine output 
1 1.5-1.9 times baseline <0.5 ml/kg/h for 6-12 h 
OR 
20.3 mg/dl (226.5 mmol/l) increase 
2 2.0-2.9 times baseline <0.5 ml/kg/h for x12 h for >12 h 
3 3.0 times baseline 
OR 
Increase in sCr to 24.0 mg/dl (2353.6 mmol/l) <0.3 ml/kg/h for >24 h 
OR OR 
Initiation of renal replacement therapy Anuria for >12 h 
OR 


In patients <18 years, decrease in eGFR to <35 ml/min per 1.73 m? 


and moreover, epidemiological evidence supports that even mild, reversible 
AKI has important clinical consequences, including increased risk of death [4, 
5]. 

Although AKI can be determined by different causes, nephron injury is al- 
ways due to an important discrepancy between oxygen and nutrients demand 
and availability. Usually, AKI causes are divided into pre-renal, renal and post- 
renal. The prevalence of each clinical type is not well known and varies accord- 
ing to the criteria of classification used. Pre-renal AKI represents 50-60% of 
cases and it is due to a sudden decrease in renal perfusion with reduced GFR. 
Hypotension (systolic blood pressure <80 mm Hg and diastolic blood pressure 
<60 mm Hg) or shock may be consequent to different conditions such as hypo- 
volemia due to excessive fluid loss (bleeding, diarrhea/vomiting, severe burns, 
diuretic abuse), insufficient fluid intake, pump defect (acute or chronic heart 
failure) or, lastly, to excessive vasodilation (sepsis, anaphylaxis, iatrogenic 
causes). In these cases, renal parenchyma is not damaged if volemia, and conse- 
quently GFR, is rapidly recovered. In other words, pre-renal AKI is a functional 
reversible status if it is quickly treated. 

Parenchymal causes of AKI are ischemia, primitive glomerular and intersti- 
tial diseases. Drugs or toxic substances are the most common causes of AKI, due 
to their concentration into tubular cells and interstitial space. Acute injury may 
overlap with pre-existing chronic kidney disease (CKD), so AKI becomes a ma- 
jor cause of damage progression toward CKD stage 5. In critical care units, AKI 
is almost associated with MOF and sepsis. 

Post-renal causes of AKI are all conditions that determine urinary tract 
obstruction, which can be intraluminal lithiasis or clots, urothelial cancer, 
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Table 2. Physiopathology of acute kidney damage 


Microvascular Tubular 

glomerular medullary 

T Vasoconstriction 10, Cytoskeletal breakdown 
> Loss of polarity 

! Vasodilation Apoptosis and necrosis 


Desquamation of viable and 
necrotic cells 

Tubular obstruction 
Back-leak 


T Endothelial and vascular smooth muscle Inflammatory vasoactive 
cellular damage mediators 


T Leukocyte endothelial adhesion = 


Summary of the complex interactions between microcirculation and renal tubule that cause acute kidney 
damage. PGE2 = Prostaglandin E>. 


retroperitoneal fibrosis or tumors, bladder diseases, prostate and/or urethral ob- 
structions. Post-renal AKI is a reversible condition when obstructive causes are 
removed. 


Pathogenesis 


Acute tubular damage is due to a complex sequence of events, which varies de- 
pending on the specific etiology of the syndrome. However, a final common 
pathway correlated to segmental or widespread kidney ischemia characterizes 
pathophysiological processes that lead to injury and organ dysfunction. Table 2 
summarizes the complex interactions between microcirculation and renal tu- 
bule on which organ dysfunction is based [6]. The first step of AKI is an impor- 
tant vasoconstriction due to increased concentrations of angiotensin II and 
endothelin I and to hyperactivity of the sympathetic system. Vasoconstriction 
is moreover enhanced by a reduced availability of vasodilators such as nitric 
oxide, acetylcholine and bradykinin. These factors induce endothelial dysfunc- 
tion, increase leukocyte adhesiveness and activate the coagulation cascade. The 
final result is a diffused small vessels thrombosis with enhanced leukocyte ac- 
tivation, inflammation and release of cytokines. The reduced availability of ox- 
ygen induces the tubular epithelial cell damage and the release of further pro- 
inflammatory mediators. In other words, damage progression is based on tu- 
bular epithelial cell damage. In fact, ischemic or toxic tubular epithelium 
injury determines a rapid loss of cell polarity and of the cytoskeleton structural 
integrity. These factors lead to tubular epithelium collapse, to loss of adhesion 
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molecules and membrane proteins, and then to apoptosis and cell necrosis. If 
the injury is severe, the basement membrane looses the epithelial layer; so there 
is an exfoliation of tubular cells into the tubular lumen. Exfoliated tubular cells 
get mixed with debris and tubular proteins (Tamm -Horsfall protein and fibro- 
nectin); thus determining the formation of cylinders that obstruct the lumen 
and increase intratubular pressure. The decrease of GFR and the presence of 
urine back-filtration into the interstitial space are a direct consequence of the 
increased intratubular pressure. Moreover, vasoactive agents and pro-inflam- 
matory mediators released from activated tubular cells determine an autocrine 
and paracrine action on tubular cells and on microcirculation, amplifying the 
effects of inflammation and vasoconstriction. So, inflammation mainly con- 
tributes to the sequence of events leading to acute tubular necrosis (ATN) [7]. 
Unlike the heart and brain, the kidneys can repair ischemic or toxic injury. It 
seems that a subpopulation of stem cells localized into the interstitium or into 
the renal tubule may play a role in this recovery process. During the recovery 
phase, it was observed that an intense migration of epithelial cells progressive- 
ly repair the areas of uncovered basement membrane until the recovery of the 
anatomical and functional integrity of the nephron [8]. 


Vascular Reactivity 


The pivotal role of microcirculation in AKI pathophysiology is outlined by re- 
sistance index variations, measured by ultrasonography (US). Renal injury 
causes persistent vasoconstriction in two microvascular sections, that is, the 
pre-glomerular and the outer medulla networks [9]. In the first section, the in- 
adequate sodium reabsorption in the proximal tubule and, thus its increased 
load in the distal tubule favor vasoconstriction. Vasoconstriction may persist 
for several hours after the injury in the outer part of the medulla causing a sig- 
nificant reduction in the blood flow. In this area, the low pressure of peri-tubu- 
lar capillaries favors epithelial damage, leukocyte adhesion, inflammation and 
activation of the coagulation cascade, thus determining thrombosis of the mi- 
crocirculation. Flow reduction of renal outer medullary microcirculation has 
negative effects on tubular cells because it further reduces the oxygen availabil- 
ity in this section due to the vasa recta countercurrent exchange mechanism 
[10]. In AKI, renal microcirculation is hyper-responsive to vasoconstrictors, 
hypo-responsive to vasodilators and inappropriately responsive to drops of 
blood perfusion pressure. During kidney ischemia, the most important vaso- 
constrictors are endothelin-1, angiotensin II, thromboxane A2, prostaglandin 
H2, leukotriene C4 and D4, adenosine and hyperactivity of the sympathetic 
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Table 3. Prevalence of AKI clinical forms in general population 


Cause of AKI % of patients with AKI 
Pre-renal failure secondary to acute hypoperfusion 55-60 
Renal failure secondary to acute parenchymal diseases 35-40 


Vascular diseases of main vessels 
Renal microcirculation damage 
Ischemic or toxic acute tubular damage* 
Acute tubulointerstitial damage 
Post-renal failure secondary to urinary tract obstruction 5 


* Responsible for 90% of cases of parenchymal AKI. 


system [9]. Experimental data demonstrate that increased reactivity to vasocon- 
strictors is not limited to acute ischemic phase but can persist even several 
weeks after renal recovery. 


Clinical and Diagnostic Problems 


Clinical course, treatment and prognosis of AKI substantially differ depending on 
pathogenetic factors. For these reasons, etiologic diagnosis is not always easy but 
it is pivotal [11]. In any case, prognosis depends on the severity and duration of 
renal impairment, the presence/absence of underlying disorders and patient’s 
basal conditions. The prevalence of AKI clinical forms shown in table 3 radically 
changes if we consider patients referred to emergency medicine and needing for 
temporary renal replacement therapy, ATN being the most prevalent form of AKI 
in these patients [12]. Several clinical data (history, body weight and blood pres- 
sure, central venous pressure, edema, jugular turgor, pulmonary stasis, uremic 
signs), biochemical and urinary tests (blood urea nitrogen, sCr, Na*, K*, Ca?*, 
HCO;,, CI”, PO,*, total serum protein, hemoglobin, urine specific gravity and 
density, cylinders, urinary excretion and fractional excretion of Na*), morpho- 
logical parameters (US, CT, MRI, renal scintigraphy) and histological features are 
needed to perform a differential diagnosis between the different forms of AKI. 


Clinical Evaluation 
AKI work-up needs an accurate medical history; so it must be carefully collected 


from the patient himself or from family members in case of unconscious patients. 
Medical history commonly allows correlating AKI with a pre-existent clinical 
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Table 4. Examples of urine findings according to causes of ARF 


Condition Urine osmolality Sodium concentration Fractional excretion 
(mOsm/kg) (mmol/l) of sodium (%) 
Prerenal failure >500 <20 <1 
Parenchymal renal failure 
Tubular necrosis* <350 >40 >1 
Acute interstitial nephritis <350 >40 >1 
Acute glomerulonephritis** >500 <20 <1 
Post-renal failure*** <350 >40 >1 


* In non-oliguric ARF due to sepsis or radiocontrast agents, the initial fractional excretion of sodium can be 
>1%. ** When tubulointerstitial abnormalities are associated with glomerular lesions, urine osmolality is <350 
mOsm/kg and the fractional excretion of sodium is >1%. *** The fractional excretion of sodium can be <1% 
early in the course of obstruction (before tubular injury occurred). 


condition or associating it to drugs or toxic substances. Case history allows includ- 
ing symptoms in a clinical scenario that can be related to initial sepsis, blood trans- 
fusion, abortion and hemolytic crisis. Finally, if clinical history reveals poisoning 
or use of nephrotoxic drugs, there is a very strong possibility that oliguria may be 
due to a toxic ATN. On the other hand, after a crush injury, it is frequent to diag- 
nose AKI associated with crush syndrome. On this basis, patients with AKI need 
a multidisciplinary approach, in which each specialist gives his own contribution 
in order to reach the correct clinical diagnosis and to provide the best therapy. 


Urine Test 


Urine analysis is useful in AKI differential diagnosis. Pigmented granular casts 
are typical in ischemic or toxic AKI, while microscopic hematuria with dysmor- 
phic and fragmented erythrocytes is common in acute glomerulonephritis. Pa- 
tients with glomerulonephritis often show nephrotic/non-nephrotic protein- 
uria. On the contrary, proteinuria is low (<1 g/day) or absent in all other forms 
of AKI, indicating a tubular proteinuria. Some urinary parameters (osmolarity, 
Na* urinary concentration and fractional excretion of Na*) distinguish pre-re- 
nal AKI from ATN (table 4) [13]. In fact, in pre-renal syndrome, sodium tubular 
reabsorption and urine concentrating capacity are preserved, while they are 
compromised in ATN. Patients with pre-renal AKI have a low urinary sodium 
concentration (<20 mmol/l) and high urine osmolality (>500 mOsm/kg). On the 
contrary, patients with ATN have high urinary sodium concentration (>40 
mmol/l) and low urinary osmolarity (<350 mOsm/kg). 
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Percutaneous Renal Biopsy 


Percutaneous renal biopsy (PRB) should be performed when pre- and post-renal 
causes of AKI have been excluded and parenchymal damage can be assessed only 
by histology. PRB is not indicated when AKI is superimposed to CKD, since his- 
tological results often would not guide therapeutic decisions. On the contrary, PRB 
is useful if a glomerular disease that could respond to a specific therapy is suspect- 
ed (i.e., rapidly progressive glomerulonephritis, Goodpasture’s syndrome, renal 
disease secondary to collagenopathy, vasculitis, hemolytic uremic syndrome, al- 
lergic interstitial nephritis and acute transplant rejection). Moreover, glomerulo- 
nephritis can be easily distinguished from an interstitial nephritis using immuno- 
fluorescence. Diffuse or focal glomerulonephrities are characterized by the nature 
of glomerular and basement membrane injury and by the morphology of immune 
complex deposits. Interstitial nephritis secondary to drugs, hyperuricemia or bac- 
terial infections (Streptococcus, Legionella etc.) are characterized by interstitial 
edema and diffuse lymphocytes, plasma cells and histiocytes infiltration. 


Imaging 


Kidneys imaging can provide useful information in the evaluation and manage- 
ment of AKI. At present, several imaging modalities are used to obtain informa- 
tion on kidneys anatomy, to exclude obstruction, to differentiate AKI from CKD 
and to assess renal blood flow and GFR. US is the most widespread imaging 
modality used in the first level work-up of AKI, whereas the use of CT and MRI 
is limited by contrast agents toxicity. 


Conclusion 


Clinical setting of AKI is still an important challenge for nephrologists and inten- 
sivists. Histological and biochemical advances have improved our understanding 
on pathophysiological processes in AKI and on the recovery of kidney function 
after the injury. All this processes represent some potential therapeutic targets. 
Markers such as sCr slowly vary over time following kidney injury. For this reason, 
improved methods for evaluating GFR and a more rapid assessment of renal in- 
jury are likely to improve the ability to diagnose AKI earlier and to identify its 
clinical course more accurately. The use of biomarkers and the assessment of renal 
microcirculation damage with non-invasive and non-toxic imaging techniques 
may represent a useful tool in the diagnosis and therapeutic work-up of AKI. 
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Abstract 

Kidneys’ imaging provides useful information in acute kidney injury (AKI) diagnosis and 
management. Today, several imaging techniques give information on kidneys anatomy, 
urinary obstruction, differential diagnosis between AKI and chronic kidney disease (CKD), 
renal blood flow and glomerular filtration rate. Ultrasound is a safe, non-invasive and re- 
peatable imaging technique so it is widely used in the first level work-up of AKI. The util- 
ity of contrast-enhanced computed tomography and magnetic resonance imaging in AKI 
or in AKI during CKD is limited because of renal toxicity associated with contrast agents 
used. © 2016 S. Karger AG, Basel 


Introduction 


Technological advances in ultrasound (US) imaging have improved the possibil- 
ity of characterizing tissue damage. Nevertheless, renal parenchymal diseases 
cannot be differentiated with US. US information originating from stationary 
structures or red blood cells moving into vessels can be visualized with different 
imaging modalities. Conventional B-Mode US provides anatomic information 
based on differences in acoustic impedance. Gray-scale US represents structur- 
al echoes as brightness points. Based on the Doppler effect, vascular scattering 
can be represented as spectral wave velocity depending on time (velocity/time 
curve), or as dual-scale color mapping depending on the changes in average 
blood velocity. The flow-in is depicted in red and the flow-out in blue. The anal- 


ysis of vascular scattering enhanced by infusion of contrast agents is the basis of 
contrast-enhanced harmonic imaging. Perfusion pattern of tissues allows the 
differential diagnosis of expansive lesions. Tissue strain analysis provides a new 
dimension of diagnostic information. It is used in elastographic imaging to de- 
scribe relative physical tissue stiffness properties. Tissue stiffness information is 
independent from the acoustic impedance information provided by B-Mode 
imaging as well as the vascular flow information provided by Doppler imaging. 
Adjacent tissue elements may appear identical using conventional B-Mode or 
Doppler imaging. When stress is applied to tissues, they show different degrees 
of deformation. Comparing the baseline and stress image information, each tis- 
sue element may be labeled by its relative stiffness. A lighter shade indicates 
relatively soft tissue (elastic), while a darker shade indicates relatively stiff tissue 
(non-elastic). 

All these US applications may characterize the tissue damage, but the pres- 
ence of artifacts and the difficulty in signal analysis do not allow a reliable diag- 
nosis of parenchymal injury. In fact, conventional US parameters (renal diam- 
eter, parenchymal echogenicity and thickness, urinary tract status) allow a cor- 
rect diagnosis in only 50-70% of acute kidney injury (AKI) and chronic kidney 
diseases (CKD). Doppler analysis can only provide indirect information on pa- 
renchymal microcirculation. Contrast-enhanced ultrasound (CEUS) with sec- 
ond generation contrast media is not very diffused in Nephrology, so diagnostic 
potentialities of this application in district perfusion characterization have to be 
verified. Finally, elastosonography applications in native kidneys are limited by 
organ depth but they could have a role in transplanted kidney. In conclusion, US 
is not always able to define kidney damage in native and in transplanted kidney, 
thus to define it nephrologists must still perform percutaneous renal biopsy 
(PRB). In any case, US is a disposable, safe and useful technique in evaluating 
patients with AKI or obstruction of the urinary tract in order to assess clinical 
work-up. 


Conventional B-Mode Ultrasound 


Conventional B-Mode (Brightness mode) US is the first technique for evaluating 
AKI and CKD patients. It is easily accessible for nephrologists and intensivists, 
free of complications and well tolerated. Moreover, B-Mode US can be per- 
formed at the bedside, thus determining a significant advantage, especially for 
critical care patients. Recent advances in digital technology and, particularly, in 
tissue harmonic imaging, have improved the ability to characterize kidneys’ 
structure. Nevertheless, kidneys’ structure is abnormal only in 10% of cases of 


12 Meola - Nalesso - Petrucci - Samoni- Ronco 


Contrib Nephrol. Basel, Karger, 2016, vol 188, pp 11-20 (DOI: 10.1159/000445461) 


Fig. 1. Normal kidney. Grayscale B- 
Mode US analyzes the following pa- 
rameters: 1) longitudinal diameter; 2) 
parenchymal thickness; 3) echogenici- 
ty; 4) profiles; 5) urinary tract status. 


AKI [1]. Basic principles of B-Mode imaging are almost the same today as they 
were several decades ago. In B-Mode, small US pulses are sent from a transduc- 
er into the body. As the ultrasound waves penetrate body tissues some of them 
are reflected back to the transducer while some of them continue to penetrate 
deeper. The different tissues acoustic impedances along US transmission wave 
determine echo signals with different intensities. Echo signals from many se- 
quential coplanar pulses are processed and combined in order to generate a gray 
scale image. Thus, US transducers act either as a speaker or a microphone. Usu- 
ally only a small portion of US pulse returns as a reflected echo after reaching a 
body tissue interface, while most US pulse continues along the beam line to 
deeper tissues. 

B-Mode imaging has a very important clinical impact in patient management 
as, in real time, it can diagnose CKD, urinary tract obstruction and can indicate 
treatments and prognosis [2]. Morphological parameters studied with US are 
kidneys’ longitudinal diameter, parenchymal echogenicity and thickness, corti- 
comedullary differentiation, kidneys’ profiles, hyperechoic central complex and 
urinary tract status (fig. 1). Longitudinal diameter is measured in coronal scans 
and it correlates with calculated volume and renal function. Other renal diam- 
eters (anteroposterior and transverse) are not useful in the diagnostic assess- 
ment. Kidneys’ size immediately distinguishes AKI from CKD, in which both 
kidneys are small with an altered structure (fig. 2) [2]. In AKI, infiltrative dis- 
eases such as monoclonal gammopathy, lymphoma or amyloidosis (fig. 3) are 
suspected if kidneys’ volume is increased with globular aspect, hyperechoic cor- 
tex and rounded/hypoechoic pyramids. These features are not specific and they 
can be observed also in acute proliferative glomerulonephritis with crescents, in 
acute tubular necrosis and in acute interstitial nephritis [3]. Kidneys are en- 
larged also in acute renal vein thrombosis and this feature is a very sensitive and 
specific parameter (>80%) of acute rejection in transplant patients [4]. 
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Fig. 2. Morphological features of kidneys in different CKD stages. a Drug induced intersti- 
tial nephropathy with previous nephrotic syndrome. Kidneys’ morphological parameters 
are: longitudinal diameter 9.3 cm, RI 0.72, serum creatinine (sCr) 2.4 mg/dl, proteinuria 
0.7 g/day. b severe chronic glomerulonephritis (sCr 3.8 mg/dl; glomerular filtration rate- 
GFR 23 ml/min). Longitudinal diameter is 7.5 cm with homogeneous parenchyma without 
cortico-medullary differentiation. e Small structureless end-stage kidney, with acquired 
small cysts, poorly recognizable in the renal lodge. 


Renal parenchymal echogenicity is a subjective parameter based on the 
comparison with liver and spleen echogenicity. Renal cortical and medullary 
brightness is related to their own different interfaces and structures; so this 
feature can be influenced by many factors, such as patient habitus, age, hydra- 
tion, US settings (focus, total gain) and artifacts. From a theoretical point of 
view, the major determinant of echoes intensity is the structural difference of 
acoustic impedance between adjacent tissues. In normal kidneys, for example, 
there is a difference between cortex and medulla acoustic impedance, mainly 
due to the spatial arrangement of renal tubules. There is also an important dif- 
ference in impedance between the parenchyma and the fat that surrounds re- 
nal sinus structures; so in normal kidneys, it is possible to distinguish the cor- 
tex from the medulla and the renal sinus, being the latter highly hyperechoic. 
Another factor that determines the reflected signal intensity is the tissue den- 
sity related to the number of reflectors per unit of tissue volume. For example, 
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Fig. 3. Membranous glomerulonephritis in lymphoblastic lymphoma treated with bone 
marrow transplantation. Nephrotic proteinuria and reduced glomerular filtration rate oc- 
cured after reduction of immunosuppression. a Renal morphological findings are non- 
specific: kidneys’ volume is increased with globular aspect, hyperechoic cortex and 
rounded/hypoechoic pyramids. b Intraparenchymal RI 0.57. 


renal tissue becomes hypoechoic because of interstitial edema, while it be- 
comes hyperechoic when inflammatory cells infiltrate the interstitium. Exam- 
ples of hyperechoic kidney are nephropathy during monoclonal gammopa- 
thies or multiple myeloma, toxic acute interstitial nephropathy [2], acute pro- 
liferative diffuse glomerulonephritis, rapidly progressive glomerulonephritis 
with crescents and acute pyelonephritis [3]. Cortical thickness can be mea- 
sured only if medullary pyramids are distinguishable from cortex. In normal 
adults, cortical thickness is >1 cm above the basal profile of pyramids. Cortical 
thickness measurement shows a great intra- and inter-operator variability; so 
it is not a very reliable parameter in the differential diagnosis. In kidneys’ mor- 
phological evaluation, it is important to determine the corticomedullary thick- 
ness near the mesorenal column (fig. 4); this parameter is more reliable than 
cortex thickness. Parenchymal thickness is a very important parameter that 
differentiates AKI from CKD. In fact, parenchymal thickness progressively 
decreases in CKD, showing either a regular profile (glomerular diseases, sec- 
ondary CKD and interstitial diseases) or an irregular feature (pyelonephritis, 
obstructive uropathy). Cortical edema and/or infiltration may be suggested by 
increased cortical thickness, associated with renal globular feature and diffuse 
hypoechoic pyramids. Increased kidneys’ volume is associated with increased 
thickness and cortical echogenicity in acute tubular necrosis, glomerulone- 
phritis and in acute interstitial nephritis (fig. 5) [2]. However, this parameter 
shows a high variability; so its use is limited in the absence of a baseline patient 
evaluation. A hypoechoic perirenal fluid collection is often present in acute 
cortical necrosis and should not be confused with the hypoechoic perirenal fat 
present in some patients with CKD. 
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Fig. 4. Cortico-medullary thickness measurement and evaluation of echogenicity. a From 
a morphological point of view, cortico-medullary thickness measurement is a more reli- 
able parameter than cortical parenchymal thickness. b Kidneys’ echogenicity may vary 
depending on patient habitus, age, hydration, instrumental parameters (focus, total gain) 
and artifacts. In this image, renal parenchyma appears hypoechoic due to the attenuation 
induced by hepatic steatosis. 


Conventional US examination is very useful in obstructive post-renal AKI 
diagnosis (fig. 6). Calyces and pelvis dilation suggests obstruction, but this fea- 
ture may be evident even in para-physiological conditions as pregnancy or med- 
ical conditions that enhance diuresis such as diabetes insipidus. In renal trans- 
plant, US sensitivity in the diagnosis of urinary tract obstruction is very high 
(>90%) [5], while specificity is high only in severe hydronephrosis [2]. 


Doppler US 


Doppler technique measures changes in blood flow velocity and provides indirect 
information on renal blood flow. Parenchymal ‘blushing’ is a semi-quantitative 
parameter strongly influenced by Doppler sensitivity and settings (gain, pulse rep- 
etition frequency, filter, focus), and it correlates with cortical diastolic flow im- 
pairment and resistance indexes (RI) trend [6]. RIs are recorded on the spectral 
curve of interlobar arteries, and they provide semi-quantitative information on 
microcirculation general conditions, thus better characterizing parenchymal 
damage. Unfortunately, RI measurement becomes difficult in critical care patients 
with severe cardiorespiratory problems. Moreover, in critical care patients, intra- 
renal vasomotility is completely altered due to primary disease and pharmaco- 
logical treatments; so RI diagnostic accuracy decreases if compared with biological 
markers of early kidney injury (NGAL, cystatin C). In a study of 41 subjects with 
parenchymal renal disease, RIs were compared with histology and they were much 
higher in acute tubulointerstitial diseases than they were in acute glomerular dis- 
eases (0.75 vs. 0.58, p < 0.01) [7]. Moreover, average RI values were significantly 
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Fig. 5. AKI secondary to drug induced interstitial nephropathy. Male, aged 67. Gastrec- 
tomy for gastric cancer and peritoneal carcinomatosis without nodular ascites. a-c Dou- 
ble ureteral stent for mesenteric carcinomatosis extended to peri- and pararenal spaces 
with involvement of renal vessels and ureters. No hydronephrosis with open vesical cath- 
eter. Mild hydronephrosis after closing the catheter. d AKI (sCr 7 mg/dl) one week after 
Taxol administration. e Right kidney diameter 12.5 cm. Double district and double vascu- 
larization. Hyperchoic parenchyma, with well evident and hypoechoic pyramids. Left kid- 
ney appears globular, with longitudinal diameter 13 cm and the same structure of the 
contralateral kidney. f Intraparenchymal RI 0.69-0.71. 
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Fig. 6. Hydronephrosis caused by ure- 
teral obstruction. Conventional ultra- 
sonography is the first choice imaging 
technique in the diagnosis of urinary 
tract obstruction. In this image, pelvis 
and calyces are hypoechoic, dilated 
and rounded. 


higher in patients with acute tubular necrosis and vasculitis/degenerative vascular 
diseases (0.78 and 0.82, respectively) [7]. Typically, RI >0.75 are most commonly 
associated with acute parenchymal diseases, while RI <0.75 are more common in 
acute pre-renal diseases. In any case, RI measurement is influenced by Doppler 
technique and several factors such as age, hypertension and drugs [8]. 


Contrast-Enhanced Ultrasonography 


CEUS is used to evaluate myocardial perfusion in cardiology [9]. US contrast 
agents are high molecular weight microbubbles of perfluorocarbon or nitrogen 
gas, with shells of albumin, galactose, lipid or polymers. These contrasts agents 
are administered intravenously. When microbubbles are reached by an US sig- 
nal with low mechanical index, they resonate with a specific frequency depend- 
ing on microbubble diameter, thus generating a second harmonic back signal 
that reproduces renal macro- and microcirculation. US contrast agents are dif- 
ferent from those used in MR and CT because they do not diffuse into the inter- 
stitium. Microbubbles diameter (1-6 um) allows overcoming peripheral and 
pulmonary capillary bed without hemodynamic effects. Based on these consid- 
erations, CEUS should be the perfect imaging technique for the study of renal 
macro- and microcirculation. But, in practice, perfusion contrastographic imag- 
ing provides only qualitative information on microcirculation, and not quanti- 
tative information. Dynamic CEUS is the only technique that provides a quan- 
titative evaluation of microcirculation. In this technique, microbubbles reach 
their maximum dilution in the intrarenal circulation within 2 minutes. At this 
time, a short sequence of US with high mechanical index (>1) is sent to kidney, 
and so the microbubbles are destructed. The refilling phase is then analyzed with 
a low mechanical index (= 0.1); so it is possible to calculate the district flow rate 
and to compare a region of interest with other renal regions or with the same 
region in following CEUS evaluations. With dynamic CEUS it is possible to cal- 
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culate the changes in district flow during the different stages of AKI [10]. In the 
USA, the FDA has approved CEUS only for blood flow studies on myocardial 
diseases. The few human studies performed in Europe have shown that dynam- 
ic CEUS may be useful in monitoring blood flow in transplantation. There are 
many parameters that can be analyzed with dynamic CEUS (perfusion velocity, 
district perfusion); so this method could be used to study blood flow in patients 
with acute kidney disease, although specific studies are needed to validate this 
technique. CEUS could be particularly useful in clinical situations in which pa- 
tient transfer outside the intensive care unit is very difficult. 


Conclusion 


Grey-scale US is the most common imaging technique used in the first evalua- 
tion of patients with AKI or CKD. It is widely available, easy to use and free of 
complications. Portable US machines represent an important advantage, espe- 
cially in intensive care units. Basic information provided by B-Mode US about 
kidney structure includes renal size and cortical echogenicity. Kidney size is a 
useful parameter in differentiating AKI from CKD. In AKI, an increased kidney 
volume suggests infiltrative diseases such as lymphoma, monoclonal gammopa- 
thies or acute proliferative glomerulonephritis, acute tubular necrosis and acute 
interstitial nephritis. In kidney transplantation, US features such as increased 
kidney volume have a sensitivity and specificity greater than 80% in the diagno- 
sis of acute rejection. Cortical thickness not only differentiates AKI from CKD, 
but may also suggest edema or infiltration of renal cortex. B-Mode US is a very 
useful imaging modality to exclude urinary tract obstruction as a cause of AKI. 
Calyceal dilation suggests urinary tract obstruction. US sensitivity in diagnosing 
urinary tract obstruction in renal allograft is very high (>90%). Color Doppler 
provides information on renal blood flow. RIs are calculated on the basis of Dop- 
pler waveform in main renal artery or smaller intrarenal vessels. Recent advanc- 
es in US technology allow the study of arteries up to interlobular vessels. In sum- 
mary, renal US remains the safest, most useful and most widely used imaging 
technique in the first assessment of patients with AKI. Information on kidney 
size and echogenicity leads physicians to appropriate decision-making pathways 
in the management of AKI. CEUS could be a safe and practical tool in the study 
of renal hemodynamic in the future. 
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Abstract 
Approximately 70% of community-acquired cases of acute kidney injury are attributed to 
pre-renal causes. In most of these cases, the underlying kidney function may be normal, 
but decreased renal perfusion associated with low intravascular volume or decreased ar- 
terial pressure can determine a reduced glomerular filtration rate (GFR). Autoregulatory 
mechanisms can partially compensate renal perfusion reduction in order to maintain GFR. 
In patients with pre-existing chronic kidney disease, however, these mechanisms are im- 
paired, and the susceptibility to develop acute-on-chronic renal failure is higher. 

© 2016 S. Karger AG, Basel 


Introduction 


Clinical scenarios of pre-renal acute kidney injury (AKI) are described in some 
clinical conditions that can be diagnosed by ultrasound (US) and color Doppler 
(CD). Pre-renal AKI generally recovers within 24-48 h if patient is treated with 
the appropriate therapy; conversely, initial and functional renal function im- 
pairment may evolve into acute tubular necrosis (ATN). Cardiorenal syndrome 
type 1 and 2 frequently cause AKI (fig. 1). The term ‘cardiorenal syndrome’ is 
more and more often used to describe the complex cross-talk between an acute 
or chronic disease of heart and kidney (cardio-renal syndrome type 1 and 2, re- 
spectively) and, vice versa, between an acute or chronic renal dysfunction asso- 
ciated to cardiac dysfunction (cardiorenal syndrome type 3 and 4, respectively). 
US may be useful in cardiorenal syndrome type 1 (acute renal dysfunction due 
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Fig. 1. Cardiorenal syndrome type 1 and 2. a Cross-talk between heart and kidney in car- 
diorenal syndrome type 1 due to acute heart failure (cardiogenic shock, acute heart fail- 
ure, left/right or biventricular failure). ACE = Angiotensin-converting enzyme; ANP = atri- 
al natriuretic peptide; BNP = B-type natriuretic peptide; GFR = glomerular filtration rate; 
KIM = kidney injury molecule; N-GAL = neutrophil gelatinase-associated lipocalin; RAA = 
renin angiotensin aldosterone. LVH = left ventricular hypertrophy. Modified from [1]. 


to acute heart failure or cardiogenic shock associated with heart failure) and in 
cardiorenal syndrome type 2 or chronic renal dysfunction related to chronic 
congestive heart failure [1]. 


AKI and Left-Ventricle Heart Failure 

Heart failure can involve the left and/or right ventricle. Generally, heart failure 
originates from left ventricle. The signs and symptoms of heart failure vary de- 
pending on the cardiac area involved and on disease severity and phase. 


Acute left ventricular failure (ischemia, left ventricular hypertrophy) causes 
a severe fall in the stroke volume, which results in pulmonary congestion, tachy- 


22 Meola - Nalesso - Petrucci - Samoni- Ronco 


Contrib Nephrol. Basel, Karger, 2016, vol 188, pp 21-32 (DOI: 10.1159/000445462) 


Increased 


i wae susceptibility 
Anemia ..” . I 
Na + H20 retention to insults 
Uremic solute retention 
Ca and Phos abnormalities 
„ Hypertension 
$ Chronic hypoperfusion 
e Apoptosis 
Genetic risk factors 
Acquired risk factors 
low cardiac output 
Chronic Low cardiac output 
heart Subclinical inflammation Insult and 
. Endothelial dysfunction initiati 
disease Accelerated atherosclerosis initiation of 
kidney damage 


Chronic hypoperfusion 

Increased renal vascular resistance 
Increased venous pressure 
Embolism 


Sclerosis — Fibrosis 


i “5... Anemia, hypoxia 
E ~ RAA and sympathetic activation 
A Na + H20 retention = eee 


w Hypertension, LVH 


e Anemia p 

“sss. Na + H20 retention > =e E Progression 
Uremic solute retention ___...oo=-=="""7 7 “2; of CKD 

Ca and Phos abnormalities 


Hypertension 


Fig. 1. Cardiorenal syndrome type 1 and 2. b Cross-talk between heart and kidney in car- 
diorenal syndrome type 2 due to chronic congestive heart failure. ACE = Angiotensin- 
converting enzyme; ANP = atrial natriuretic peptide; BNP = B-type natriuretic peptide; 
GFR = glomerular filtration rate; KIM = kidney injury molecule; N-GAL = neutrophil gelati- 
nase-associated lipocalin; RAA = renin angiotensin aldosterone. LVH = left ventricular hy- 
pertrophy. Modified from [1]. 


cardia, dyspnea, orthopnea and pulmonary edema. The sudden drop in the ejec- 
tion fraction leads to visceral organs perfusion impairment with a subsequent 
peripheral vasoconstriction and blood flow redistribution. Kidneys reduced per- 
fusion, leading to renin-angiotensin-aldosterone system activation, which re- 
sults in sodium and water retention. These adaptive mechanisms have a differ- 
ent pathophysiologic pathway, depending on acute or chronic features of heart 
failure. Acute distension of left atrium causes sodium-free diuresis, while chron- 
ic distension determines water and sodium retention. Acute right ventricular 
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Fig. 2. Subcostal 4-chamber view. Left ventricle hypertrophy (a, b). 


failure (pulmonary hypertension, atrial septal defect, biventricular failure sec- 
ondary to left ventricular failure, tricuspid valve disease, etc.) leads to systemic 
venous hypertension with its signs: cyanosis, distended jugular veins, inferior 
vena cava and hepatic veins congestion, liver and spleen congestion, peripheral 
edema, pleural and pericardial effusion until anasarcatic state. Oliguria may oc- 
cur in right or left heart failure, but it is more common in biventricular failure. 
In this condition, urine osmolality is high (specific gravity ranges from 1,020 to 
1,030) while sodium excretion is <20 mEq/l. 

In pre-renal AKI, during left ventricular failure, conventional kidney US does 
not show specific signs. In the absence of pre-existing renal diseases, kidney shows 
normal volume and parenchymal thickness. Corticomedullary pattern may be 
normal or diffusely hyperechoic if hypoperfusion is persistent. There are no signs 
of urinary stasis and bladder is almost empty. Intrarenal resistances are initially low 
for compensatory pre-glomerular vasodilation, and then they rapidly increase if 
ischemia is not corrected and functional kidney damage progresses toward ATN. 
Therefore, the increased differential pressure and the diastolic flow impairment 
lead to inadequate and pulse parenchymal perfusion. Inferior vena cava appears 
collapsed, and hepatic veins are not easily detectable. In AKI, secondary to acute 
decompensate left ventricular failure, the subcostal 4-chamber view may show left 
ventricle concentric hypertrophy (symmetric or asymmetric; fig. 2) or changes in 
heart volume associated with more or less extensive ventricular hypokinesia. 


Lung Comet Tails 
In recent years, chest US has been proposed as the first-line survey to assess the 
effects of pulmonary congestion on interlobular structures (fig. 3). 


In conventional chest radiography, pulmonary capillary congestion and in- 
terlobular septal thickening determine the occurrence of Kerley B striae. They 
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Fig. 3. Comet-tail artifact. This reverberation artifact corresponds to Kerley B striae and it 
is generated by the intense US beam reflection in hyperhydrated subpleural septa (a, b). 


are thin hyperdense lines, which run near the lung surface. Kerley B striae are 
commonly <1 cm long, parallel to each other and perpendicular to the pleura, 
as they represent thickened subpleural interlobular septa. Kerley B striae are 
usually detectable in peripheral lung areas and bases, while they are missed along 
pulmonary fissures [2]. 

In normal conditions, the pleura is the only thoracic anatomical structure 
visible on conventional US. In intercostal scans, it appears as a thin continuous 
hyperechoic line, which moves synchronously with breathing. Since pleura in 
the air-filled lungs is responsible of a specular reflection of US wave, it generates 
an artifact due to reverberation. Thin hyperechoic lines parallel to each other 
from the surface to the depth characterize it. 

When the lung air content decreases, such as in pulmonary edema or fibrosis, 
some reflective interfaces appear in subpleural septa (fibrosis/air or air/water). 
It means that, in pulmonary fibrosis as well as in acute pulmonary edema, US 
wave crosses subpleural septa, which are thickened by fibrosis or water. The 
strong reflection of the US wave that occurs at this level creates a reverberation 
artifact known as ‘comet-tail artifact’ (fig. 4). This is similar to ‘ring-down arti- 
fact’, that occurs in the stomach when air is mixed with ingested and secretions. 
In conventional US, the lung comet-tail artifact appears as a thin hyperechoic 
vertical line that goes, gradually attenuating, from the pleura to the depth. The 
comet-tail artifact has a continuous vertical movement, synchronous with the 
breath and similar to a laser beam. The number of lines increases with lung con- 
solidation and the decrease of its air content. When the lung collapses, pleural 
space is occupied by fluid (transudate or exudate) and atelectatic lung becomes 
similar to a parenchymal organ, such as the liver and the spleen. 

The presence of lung comet-tails can be detected by any US equipment and 
by any probe (linear, convex, microconvex or sectorial). US examination can 
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Fig. 4. Right overload. a When venous re- 
turn exceeds the right heart capacity, cen- 
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sion; 1, 2, 3 = hepatic veins. 


also be performed at the bedside. The objective of US examination is to count 
comet-tails in right and left lung fields of anterior hemithorax. Several methods 
to standardize US lung examination have been proposed. Right and left hemi- 
thorax are commonly studied from the second to the fourth intercostal space 
(and up to the fifth space on the right side). The assessment of lung comet-tails 
should be performed along the parasternal, midclavicular, anterior-axillary and 
medio-axillary lines [3]. The sum of lines measured in each of these spaces cre- 
ates a score that can be considered a semi-quantitative parameter to evaluate the 
severity of pulmonary edema. In each space, lines should be numbered from 0 
to 10: 0 means no line, while 10 is assigned when US image is completely hyper- 
echoic due to the confluence of lines. In these conditions, to obtain a semi- 
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quantitative parameter, the scan area should be divided by 10 and the percentage 
of hyperechoic parts should be taken into account [4]. Since lines tend to dis- 
solve in a few minutes after the administration of loop diuretics or after a dialy- 
sis treatment with ultrafiltration, the assessment of lung comet-tails may be used 
for a real-time evaluation of patients’ response. Dynamic nature of this artifact 
has been confirmed by studies in hemodialysis patients, in which the number of 
lung comet-tails significantly decreased after the correction of dry weight [5]. 


AKI and Right Heart Failure 


Right heart failure is often a complication of left ventricular insufficiency. The 
pathway by which hemodynamic left failure causes right ventricular impair- 
ment is not yet completely clear. Biventricular failure and increased filling pres- 
sures cause pulmonary and systemic venous hypertension, thus determining 
congestive heart failure. Conventional US and CD are very useful in the diag- 
nosis of AKI associated with right heart failure and congestive heart failure (low 
output syndrome). In the subcostal 4-chamber view, the morphology of the 4 
heart chambers may show cardiomegaly, diffuse hypokinesis, right atrium dila- 
tion and, in cases of bi-ventricular heart failure, left ventricle hypertrophy. 
When venous return exceeds the capacity of the right heart, central venous 
pressure increases. In this hemodynamic situation, inferior vena cava and he- 
patic veins are dilated and liver capillary congestion causes an increase in liver 
volume. 

At US, vena cava appears dilated (anteroposterior diameter >2 cm) and rigid, 
the confluence of suprahepatic veins is dilated and their intrahepatic course is 
evident (fig. 4). Inferior vena cava diameter does not change during breathing, 
cardiac cycle and with probe mechanical compression [6]. Inferior vena cava 
rigidity has led some authors to consider its anteroposterior diameter as a pa- 
rameter for the identification of fluid overload not only in the diagnosis of right 
heart failure but also in dialysis patients. After the initial enthusiasm, this mea- 
sure has been replaced by bioimpendence, because inferior vena cava diameter 
shows a high intra- and inter-individual variability. 


Congestive Hepatopathy 
Congestive liver shows homogeneous structure with rounded profiles. Increased 


volume can be measured with cranio-caudal diameter of the right lobe in a lon- 
gitudinal scan along the emiclavear line. A diameter >13 cm is indicative of 
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Fig. 5. Pleural, pericardic effusion and ascites in right heart failure. a Pleural and pericard- 
ic chronic effusion. US shows hyperechoic fibrin bridles. * = Pleural effusion; S = interven- 
tricular septum; arrowheads = pericardial flap front. b Thin layer of ascites in subhepatic 
Morrison's space. L = Liver; K = kidney; * = ascites; ** = pleural effusion. e Thin effusion in 
perisplenic space. S = Spleen; * peri-splenic effusion. d Thin effusion in the Douglas pouch. 
B = Bladder; * = ascites. 


hepatomegaly. During right heart failure with AKI, a modest right pleural effu- 
sion may occur. 

If pleural fluid is an exudate, pleural effusion appears anechoic with hyper- 
echoic fibrin septa, which float in the pleural space or fix the lung to the pleura. 
A thin layer of ascites is present in subhepatic recess (Morrison’s pouch) and in 
the peri-splenic region, a modest effusion can also be present in the pouch of 
Douglas (fig. 5); a thin pericardial effusion confirms the trend to anasarcatic 
state. These findings are present either in right heart failure, in nephrotic syn- 
drome with anasarcatic state or in underdialyzed patients with fluid overload. 
Spleen is usually not increased in volume, although the hilum is congested, while 
kidneys appear globular, enlarged and diffusely hypoechoic. Renal vein is patent 
but it may show Doppler modulations similar to those of the inferior vena cava 
and hepatic veins. 
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Nevertheless, suprahepatic venogram evaluation is difficult to perform in 
clinical practice without a real-time ECG, in order to correlate Doppler waves 
with cardiac activity. Congestion of liver sinusoids causes compression, atrophy 
and center-lobular necrosis. In the early phases, this congestion determines he- 
patic steatosis, while in chronic heart failure it causes fibrosis (cirrhosis heart). 
Perisinusoidal fibrosis, observed in cardiac cirrhosis, reduces parenchymal elas- 
ticity, slows venous flow and alters hepatic venogram morphology, which tends 
to become monophasic. Centripetal speed flow is reduced mainly due to pres- 
sure overload of the right atrium. Alternatively, when there is also tricuspid re- 
gurgitation, suprahepatic vein pulsatility increases and blood flow during the 
right systole is reduced or reversed. 


Tricuspid Regurgitation 


Doppler analysis of S and D waves in the hepatic veins venogram requires some 
pathophysiologic considerations. In normal venogram, S wave is larger (or 
equal) than D wave because the systolic tricuspid annulus excursion to the apex 
facilitates the blood return to the heart. In heart diseases leading to right heart 
failure with systemic overload, as well as tricuspid insufficiency, right heart is 
insufficient so it becomes much more evident the diastolic retrograde flow. Se- 
vere tricuspid regurgitation is a paradigm to understand the changes in the dif- 
ferent stages of regurgitation as in right heart failure [7]. When atrial systole 
begins, the atrial contraction pushes blood into the ventricle by anterograde 
flow and retrograde flow to the liver, thus causing the small A wave. During the 
systole, ventricular contraction stretches the tricuspid annulus toward the car- 
diac apex. If valvular insufficiency is present, during the rapid filling phase, 
there is an overlap of blood regurgitation from the ventricle to the right atrium, 
vena cava and liver caused by tricuspid incontinence. This determines a reduc- 
tion of S wave amplitude or the appearance of a retrograde S wave. When the 
ventricle starts to relax and tricuspid annulus returns toward the original posi- 
tion, blood flows back again from the atrium to the vena cava and liver, gener- 
ating the retrograde V wave. During diastole, tricuspid valve is opened, myo- 
cardium is at rest, and blood flows passively from the liver and vena cava to the 
heart, generating the anterograde D wave, with increased amplitude if com- 
pared to normal wave. The degree of tricuspid regurgitation influences the 
morphology of the suprahepatic venogram, which is classified in grade 1, 2 and 
3 (M or W morphology). Grade 1 regurgitation reflects a low reflux, while grade 
2 and 3 relate with a mild and severe regurgitation. Hepatic venous flow be- 
comes biphasic when a single retrograde and anterograde wave is identified in 
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each cardiac cycle. This occurs when A, S and V waves are retrograde so a single 
reverse wave is represented together with an anterograde D wave. This spectral 
morphology results from right heart failure associated with tricuspid regurgita- 
tion. 


Right Heart Failure 


Venogram morphology of hepatic veins in right heart failure is similar to that in 
tricuspid regurgitation. Typically, in the early stages of heart failure, there is in- 
creased amplitude of retrograde A wave because ventricle during the atrial sys- 
tole is no longer able to receive all the flow from the right atrium [8]. Since the 
amplitude of A wave varies, even in normal conditions, this venogram aspect is 
hardly appreciable. As ventricular failure progresses, reversal relationship be- 
tween S and D waves becomes more and more evident until S wave reaches the 
zero line and shows a morphology similar to that of tricuspid regurgitation grade 
2 (fig. 6). 

This morphology indicates the absence of anterograde flow during ventricu- 
lar systole. 


Constrictive Pericarditis 


Doppler analysis of hepatic veins is very important in constrictive pericarditis. 
The first signs of this pericarditis may be liver stasis or liver disease with in- 
creased transaminases, hepatomegaly and ascites [9]. In serum-fibrinous peri- 
carditis, conventional US can show the signs of right overload and the presence 
of pleural and pericardial effusion with fibrin bridles (fig. 7). Doppler analysis 
in constrictive pericarditis shows a triphase waveform with a retrograde extra 
wave at the end of diastole between D and A waves. Since right atrium and ven- 
tricle are passively filled through superior and inferior vena cava during dias- 
tole (D-wave), right heart capacitance is prematurely reached because of reactive 
pericardial effusion that determines cardiac constriction. This leads to a retro- 
grade wave to the liver at the end of diastole (fig. 7). The additional reverse wave 
becomes more prominent during expiration [9, 10]. 

In severe right heart failure, as in those hemodynamic conditions that reduce 
right ventricular filling (constrictive pericarditis, restrictive cardiomyopathy, 
pericardial effusion), venous pulse amplitude increases during inspiration. On 
the contrary, in normal conditions, venous pulse amplitude decreases during 
inspiration. This paradox is known as Kussmaul sign. 
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Fig. 6. Venogram in right heart failure with 
tricuspid regurgitation. a-c As ventricular 
failure worsens, the inversion of ratio be- 
tween S and D waves appears until S wave 
reaches the zero line. The differential diag- 
nosis of a biphasic venogram due to tricus- 
pid regurgitation or to right heart failure 
associated with tricuspid regurgitation is 
very difficult without an echocardiograph- 
ic diagnosis and a simultaneous ECG. * = 
Pleural effusion. 


Fig. 7. Venogram morphological patterns during pericarditis with severe effusion. (a) 
Transversal and (b) parasagittal scan on inferior vena cava. Cardiac filling is hindered be- 
cause of severe effusion, so a biphasic wave appears together with a retrograde wave to 
the liver at the end of diastole. This wave becomes more prominent during the expiratory 
phase. IVC = Inferior vena cava; white arrow = middle hepatic vein. 
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Conclusion 


B-Mode analysis of the 4 cardiac chambers and pericardium cavity provides im- 
portant information about cardiac function and regional kinetic of ventricles. 
Doppler analysis of the vena cava and suprahepatic veins also provides impor- 
tant information about systemic congestion and right atrium pressure. All these 
parameters are essential in order to evaluate renal hemodynamics and its altera- 
tions in cardiorenal syndrome type 1 and 2. 

The analysis of comet-tails and the diameter/collapsibility of vena cava also 
provide information about patient’s hydration status and can be use as a param- 
eter for the management of therapy. 
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Abstract 

Renal failure commonly occurs in patients affected by cirrhosis, especially when there is 
ascites. It is typically secondary to intercurrent events that can further compromise blood 
flow in conditions of relatively decreased renal perfusion. Hepatorenal syndrome (HRS) is 
a particular and common type of kidney failure that affects patients with liver cirrhosis or, 
less frequently, with fulminant hepatic failure. The syndrome is characterized by splanch- 
nic vasodilation and renal vasoconstriction. The classification of HRS identifies 2 catego- 
ries of kidney failure, known as type 1 and type 2 HRS, that occur in patients with either 
cirrhosis or fulminant hepatic failure. © 2016 S. Karger AG, Basel 


Hepatorenal Syndrome 


The hepatorenal syndrome (HRS) is one of the most common causes of acute 
kidney injury (AKI) in patients with acute or chronic liver diseases. Its annual 
incidence in patients with ascites is about 8% [1]. Affected patients usually not 
only have portal hypertension due to cirrhosis, severe alcoholic hepatitis or (less 
often) metastatic tumors but can also have fulminant hepatic failure from any 


cause [2]. The HRS represents the end stage of a progressive decrease in renal 
perfusion due to the worsening of hepatic injury. The HRS is a diagnosis of ex- 
clusion and it is associated with a poor prognosis [3]. 

In patients with cirrhosis, AKI may be triggered by hypovolemia (gastroin- 
testinal bleeding, fluid loss, sepsis) or by acute tubular necrosis related to drug 
administration (non-steroidal anti-inflammatory drugs, aminoglycosides, con- 
trast media). The overlap between AKI and cirrhosis has a negative prognostic 
significance, and it is an independent predictor of death. Actually, patients with 
cirrhosis and ascites have a latent functional AKI due to arterial hypotension, 
hypovolemic status and decreased renal blood flow [4]. This may result in a re- 
duction in glomerular filtration rate (GFR), according to the response of intra- 
renal autoregulation mechanisms. On the contrary, the onset of complications, 
the administration of drugs or the use of contrast media may precipitate the 
situation leading to an acute tubular necrosis. 

In advanced liver diseases, AKI can also develop with a specific syndrome 
known as HRS. It is a type of prerenal AKI that occurs acutely (type 1) or chron- 
ically (type 2) in patients with normal renal function and without kidney abnor- 
malities. For this reason, HRS is defined as a pre-renal AKI, despite its frequent 
irreversibility [5]. 

The main pathophysiological characteristic of HRS is the extreme renal va- 
soconstriction associated with the peripheral arteriolar vasodilation. Tubular 
function is maintained and both proteinuria and kidney histological damage are 
missed. Authors have identified 2 subtypes of HRS: HRS type 1 is a rapidly pro- 
gressive renal failure (fig. 1) characterized by a doubling of serum creatinine 
(sCr) values up to >2.5 mg/dl or by a 50% reduction of creatinine clearance un- 
til values <20 ml/min, within 2 weeks. On the contrary, HRS type 2 is a moderate 
renal failure, characterized by sCr >1.5 mg/dl, chronically. While in HRS type 1 
the cause is commonly identified, in HRS type 2 AKI is due to refractory ascites 
[5]. 

In HRS, renal failure is triggered by a marked vasoconstriction that occurs 
with not well identified mechanisms [6]. In fact, at the time of diagnosis of 
HRS, the rapid increase of sCr is not accompanied by shock, loss of fluids, 
nephrotoxic drugs administration, gastrointestinal bleeding or sepsis. More- 
over, renal failure does not improve with plasma expanders or diuretics with- 
drawal. 

Patients with HRS have very high values of renal resistive indexes (RIs; 0.79 + 
0.6; fig. 2). Platt et al. [7] measured RI in 180 patients with chronic liver disease 
and without renal insufficiency. They demonstrated that RIs are an independent 
predictor of renal dysfunction and HRS. In patients with early cirrhosis (Child- 
Pugh A), RI was 0.6 + 0.07; in patients with cirrhosis B, RI was 0.72 + 0.08; while 
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Fig. 1. HRS. Male, aged 57 years, with HCV-related chronic hepatitis from the age of 30 
years, with normal renal function. After infectious episode of the upper respiratory and 
cephalosporin therapy, patient develops AKI (sCr 8.6 mg/dl, AST147 IU/I, ALT 108 1U/l, yGT 
118 IU/I, albumin 3.1 g/dl). After the antibiotic stop, without hydration or diuretics, in 24 h, 
sCr reaches values of 5.4 mg/dl. a, b Kidneys increased in volume (about 12.5 cm), globu- 
lar morphology, with widespread structural hypoechogenicity and reduced parenchymal 
corticomedullary differentiation. e Intrarenal RI = 0.66. d Splenomegaly with longitudinal 
dimater >15 cm and intraparenchymal RI 0.70. e Mild effusion ascites. Liver with irregular 
profiles and macronodular degeneration. White arrow = portal vein. f Portal vein flow. 
Splenomegaly and ascites indicates a mild portal hypertension. L = Liver. 


Clinical Scenarios in AKI: HRS 35 


Contrib Nephrol. Basel, Karger, 2016, vol 188, pp 33-38 (DOI: 10.1159/000445465) 


2.8 / G 135 
PRF 4.0KHz /65 Hz 


SV 4 mm/SD 58.0mm / 25° 


Fig. 2. HRS. Cirrhosis is a predisposing condition to AKI. In patients with ascites and with 
normal renal function, the intrarenal Rls are higher at baseline than in patients without 
ascites (0.70 vs. 0.61). HRS is a pre-renal failure that acutely occurs in cirrhotic patients with 
preserved renal function due to vasoconstriction favored by mechanisms yet unknown. 
In this case, the patient showed ascites in the pelvic cavity (a), portal vein thrombosis (b) 
and moderate splenomegaly (c) with vascular congestion (intrasplenic RI 0.76). Both kid- 
neys showed a morphology compatible with age (d), but at color Doppler renal perfusion 
is almost absent. e, f Intraparenchymal RIs were not easy to sample due to low flow and 
they were >0.90. Patient died. B = Bladder; U = uterus; D = Douglas pouch with pelvic ef- 
fusion; Ø = diameter. 
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in patients with cirrhosis C, RI was 0.74 + 0.06. Moreover, RIs were significant- 
ly different in cirrhotic patients with or without ascites (0.70 + 0.04 vs. 0.61 + 
0.05). Therefore, serial measurements of RI in patients with liver disease may 
select a subset of patients without kidney failure but at high risk for AKI and 
HRS [7]. The increase in RI precedes the increase of sCr and it is an index of re- 
duced survival [8]. 


Conclusion 


The HRS is a frequent complication in patients with cirrhosis, ascites and ad- 
vanced liver failure. It is a functional renal failure due to renal vasoconstriction 
and low renal perfusion [3]. Kidney histology is normal or can show lesions, 
which do not justify the decrease in GFR. Nevertheless, during the last decade, 
several features suggested a much more complex pathogenesis than the tradi- 
tional ‘peripheral arterial vasodilation hypothesis’, which linked HRS to the ex- 
treme renal vasoconstriction associated with the splanchnic vasodilation. Ac- 
cording to this point of view, 2 types of HRS with different clinical course, prog- 
nostic implications and treatment response have been identified. The HRS type 
1 and type 2 are not different expressions of a common disorder, but probably 2 
different syndromes with a well distinct pathogenesis. The HRS type 1 is an ex- 
tremely unstable condition. It develops in the setting of acute clinical events, 
which act as precipitating factors leading to a rapid deterioration of circulatory 
and renal function, with severe arterial hypotension and acute renal failure with 
oliguria. This clinical scenario is accompanied by a rapid deterioration of he- 
patic function, with increase in jaundice and encephalopathy [9]. On the con- 
trary, HRS type 2 is chronic and it develops gradually in patients with cirrhosis 
and ascites (in stable clinical conditions) and responds poorly to diuretics. Renal 
vascularization and function remains stable during months or progress slowly, 
until HRS type 2 occurs. 
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Abstract 

Acute tubular necrosis (ATN) is the most common type of acute kidney injury (AKI) related 
to parenchymal damage (90% of cases). It may be due to a direct kidney injury, such as sep- 
sis, drugs, toxins, contrast media, hemoglobinuria and myoglobinuria, or it may be the con- 
sequence of a prolonged systemic ischemic injury. Conventional ultrasound (US) shows 
enlarged kidneys with hypoechoic pyramids. Increased volume is largely sustained by the 
increase of anteroposterior diameter, while longitudinal axis usually maintains its normal 
length. Despite the role of color Doppler in AKI still being debated, many studies demon- 
strate that renal resistive indexes (RIs) vary on the basis of primary disease. Moreover, sev- 
eral studies assessed that higher RI values are predictive of persistent AKI. Nevertheless, due 
to the marked heterogeneity among the studies, further investigations focused on timing 
of RI measurement and test performances are needed. Acute interstitial nephritis is also a 
frequent cause of AKI, mainly due to non-steroidal anti-inflammatory drugs and antibiotics 
administration. The development of acute interstitial nephritis is due to an immunological 
reaction against nephritogenic exogenous antigens, processed by tubular cells. In acute 
interstitial nephritis, as well as in ATN, conventional US does not allow a definitive diagno- 
sis. Kidneys appear enlarged and widely hyperechoic due to interstitial edema and inflam- 
matory infiltration. Also, in this condition, hemodynamic changes are closely correlated to 
the severity and the progression of the anatomical damage. © 2016 S. Karger AG, Basel 


Introduction 


Tubulointerstitial diseases are the main cause of parenchymal acute kidney in- 
jury (AKI). Acute tubular necrosis (ATN), which is responsible for 90% of cases 
of parenchymal AKI, may be due to ischemic or toxic damage. Toxins involved 


may be exogenous, such as drugs and contrast media, as well as endogenous, 
such as myoglobin, and myeloma proteins. Acute interstitial nephritis may be 
due to allergic, infective or infiltrative processes. 


Acute Tubular Necrosis 


ATN is the most common type of AKI related to parenchymal damage. It may 
be due to a direct kidney injury, such as sepsis, drugs, toxins, contrast media, 
hemoglobinuria and myoglobinuria, or it may be the consequence of a pro- 
longed systemic ischemic injury. 

In non-nephropathic patients, kidneys could maintain normal size. Howev- 
er, more frequently, conventional ultrasound (US) shows enlarged and globose- 
shaped kidneys with marked, rounded and hypoechoic pyramids. Increased vol- 
ume and diffuse hypoechogenicity of pyramids are related to water retention 
and interstitial edema. These alterations are only partially correlated to the se- 
verity of functional and histological damage. Cortex usually maintains normal 
echogenicity and, only in few cases (about 10%) [1], it may appear widely hyper- 
echoic. This last pattern is more frequent in ATN due to nephrotoxic agents 
(fig. 1). However, even in post-surgical AKI, conventional US shows enlarged 
and swollen kidneys with a hypoechoic medulla and a widely hyperechoic cortex 
(fig. 2) [2]. 

Increased volume is largely sustained by the increase of anteroposterior di- 
ameter, while the longitudinal axis usually maintains its normal length. Kidneys 
become globose-shaped with a high increase in anteroposterior/longitudinal di- 
ameter ratio (>0.53; normal value: 0.45 + 0.04). The anteroposterior/longitudi- 
nal diameter ratio directly correlates with serum creatinine (sCr) values and with 
severity of hyperpotassemia. On the contrary, it is inversely correlated with uri- 
nary osmolarity, which is an index of tubule integrity [3]. In fact, pre-renal dis- 
eases are characterized by urinary osmolarity >500 mOsm/kg H,0, while paren- 
chymal diseases by values <350 mOsm/kg H,O. 

Severe tubular damage can be due to toxins or drugs assumption as well as 
several pathologic conditions that secondarily affect tubules, such as rapidly 
progressive glomerulonephritis, acute interstitial nephritis, lupus nephritis and 
renal lymphoma. There are no US pathognomonic patterns of ATN that allow 
discerning different disease etiology. However, color Doppler US can show he- 
modynamic variation, thus consenting differential diagnosis of different types 
of AKI [4]. Nevertheless, the role of color Doppler in AKI is still debated. In fact 
some clinicians still consider US to be useless in the management of critically 
ill patients who does not have physical sings of obstructive nephropathy [5]. 
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Fig. 1. ATN due to anticryptogamics. Male, aged 39 years. Twelve hours after the abuse of 
anticryptogamics, he was referred to nephrologist because of oliguria and rapid increase 
of sCr up to 3.9 mg/dl (a, b). At B-mode US examination, both kidneys were enlarged 
(coronal diameter >12.5 cm), globose-shaped with a hyperechoic cortex (red arrow) and 
irregular and not well distinguished pyramids (white arrow). Color Doppler sampling of 
right (c) and left renal artery (d) showed a severe reduction of diastolic velocity due to the 
increase of intrarenal resistances and flow redistribution. e, f Parenchymal blushing de- 
creased and perfusion became evident only by using a low pulse repetition frequency. 
Color Doppler sampling of interlobar arteries showed a diffuse increase of renal RIs from 
0.75 to 0.81, revealing a widespread tubular damage. c = Cortex; p = medullary pyramids; 
RRa = right renal artery; LRa = left renal artery. 
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“Left kidney 


Fig. 2. Post-surgical AKI. Male, aged 66 
years, with a functional single kidney. He 
had a rapid worsening of renal function 
after colectomy. a At B-mode US examina- 
tion, the right kidney had normal volume 
(coronal diameter 11.7 cm) and showed a 
slight hypoechogenicity of mesorenal pyr- 
amids. b The left kidney was diffusely hy- 
perechoic, with an altered structure and 
decreased volume (coronal diameter 8.9 
cm). c At color Doppler sampling of inter- 
lobar arteries, renal Rls were increased 
(0.78). At Doppler sampling of renal arter- 
ies, there were no ostial accelerations that 
may be suggestive of renal artery stenosis. 


Actually, evidence demonstrates different renal resistive index (RI) variations 
on the basis of primary disease. In fact, different diseases may lead to specific 
pathophysiological variations and subsequent intrarenal hemodynamic changes 
[6]. In diseases that primarily affect glomerulus, RIs may be normal or low 
(<0.65); in tubulointerstitial diseases, RIs have intermediate values (between 
0.65 and 0.75); while in pathological condition that primarily involve vessels 
(vasculitis), RIs may be higher than 0.80. In chronic kidney disease (CKD), 0.80 
is considered the cutoff value for not recoverable renal failure [7]. In experimen- 
tal models of glycerol-induced AKI, the prolonged and severe decrease of renal 
plasma flow was followed by a marked arteriolar vasoconstriction. The subse- 
quent increase in vascular impedance leaded to a rapid rise of RI that achieved 
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Fig. 3. ATN due to anticryptogamics. Renal recovery phase. Patient of figure 1 underwent 
renal US and color Doppler after 12 days from the admission in Nephrology Unit. a At B- 
mode US examination, renal morphology was unchanged, while, at color Doppler sam- 
pling of interlobar arteries, renal Rls returned to normal values in both the right (b) and 
the left (c) kidney. The parenchymal blushing diffusely increased and the diastolic flow 
was present, indicating low vascular resistances (RI = 0.57-0.59). The recovery of a normal 
renal perfusion anticipated a moderate polyuric phase, which happened contemporarily 
to the recovery of renal function. d Doppler curves were recorded in the interlobar arter- 
ies during the acute phase and the recovery phase. 


its peak within 12 h from the induction of AKI. Then, RI progressively returned 
to normal values in 1 week (fig. 3). Conversely, sCr values reached the peak 
within the first day and decreased slowly achieving normal values after 2 weeks. 
Despite RI variation having a linear correlation with sCr increase, it occurred 
more rapidly, anticipating sCr increase [8]. Since the 1990s, several clinical stud- 
ies confirmed these experimental data, underlining the utility of RI in diagnos- 
ing and characterizing AKI, in different settings. In 1991, Platt et al. [9] showed 
that in 69% of patients with ATN, intrarenal Doppler US allowed detection of 
hemodynamic changes associated with AKI and, more interestingly, it was help- 
ful in distinguishing ATN from pre-renal AKI. In fact, in 80% of patients with 
pre-renal AKI, plasma flow was normal or slightly decreased, with low RI values 
(<0.65). Conversely, in 91% of patients with ATN, Doppler spectral curve was 
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Fig. 4. Acute interstitial nephritis due to non-steroidal anti-inflammatory drugs abuse. 
The 67-year-old female patient had an acute worsening of renal function (sCr from 1.1 to 
2.8 mg/dl). a, b At B-Mode US examination, kidneys were symmetrical. Coronal diameters 
were >11 cm and parenchymal thickness was normal, but renal structure was altered. 
c, d Cortex appeared diffusely hyperechoic, while medullary pyramids were hypoechoic, 
well distinguished and with irregular profiles. Corticomedullary alterations became even 
more evident with a major enlargement. e, f At color Doppler sampling, renal arteries pre- 
sented neither direct nor indirect signs of stenosis. Doppler wave showed a high differ- 
ence between systolic and diastolic phase, because of the decrease of diastolic flow. 
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Fig. 5. Acute interstitial nephritis due to non-steroidal anti-inflammatory drug abuse. Pa- 
renchymal blushing was well represented. Renal RIs measured in interlobar arteries varied 
from 0.66 to 0.75. Hemodynamic variations are commonly related to severity and progres- 
sion of the anatomical damage. a, b In interstitial nephritis with AKI, potentially recover- 
able RIs are commonly <0.70. 


characterized by the increase of systolic peak velocity and the loss the diastolic 
flow, leading to a pulsatile flow pattern with RI constantly >0.75. This hemody- 
namic pattern is clearly explained by the increase of renal vascular impedance 
[6]. Few years later, the same work group demonstrated that high RI correlated 
with both delayed renal recovery and requirement of renal replacement therapy 
[10]. Stevens et al. [11] showed that RIs were also helpful in the early diagnosis 
of renal recovery. Indeed, the normalization of RI revealed the improvement of 
renal perfusion and it preceded the decrease of sCr values. Several more recent 
studies and a meta-analysis confirmed that higher RI values are predictive of 
persistent AKI [12-14]. Nevertheless, due to the marked heterogeneity among 
the studies, further investigations focused on timing of RI measurement and test 
performance are needed. 


Acute Interstitial Nephritis 


Acute interstitial nephritis is currently a frequent cause of AKI, mainly due to 
non-steroidal anti-inflammatory drugs (NSAIDs) and antibiotics administra- 
tion. In addition, it may also occur during systemic immunological diseases, 
anti-glomerular basement membrane disease and in several systemic infec- 
tions. The development of acute interstitial nephritis is due to an immunologi- 
cal reaction against nephritogenic exogenous antigens, processed by tubular 
cells. Acute interstitial nephritis is mainly related to cell-mediated immunity. 
The inflammatory interstitial infiltration consists oflymphocytes, macrophages, 
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eosinophils and plasma cells and it rapidly evolves to fibrosis. The clinical 
course is often paucisymptomatic (fever, skin rash, arthralgia, peripheral eo- 
sinophilia), and symptoms rapidly improve after the withdrawal of the incrim- 
inated drugs. Moreover, recent studies suggest that early administration of cor- 
ticosteroids (within 7 days from diagnosis) may improve functional recovery 
and reduce the risk of progression to CKD. Conversely, a delayed steroidal 
therapy has low beneficial effects [15]. In acute interstitial nephritis, as well as 
in ATN, conventional US does not allow a definitive diagnosis. Kidneys appear 
enlarged and widely hyperechoic due to interstitial edema and inflammatory 
infiltration (fig. 4). In some cases of acute interstitial nephritis related to sys- 
temic infection, interstitial edema and infiltration can lead to an acute disten- 
tion of renal capsule and to a doubling of kidneys volume [16]. 

At color Doppler, hemodynamic changes are closely correlated to the sever- 
ity and the progression of the anatomical damage. In fact, in reversible AKI due 
to acute interstitial nephritis, RIs are commonly <0.70 (fig. 5). 
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Abstract 

Acute cortical necrosis and hemolytic uremic syndrome (HUS) are 2 clinical scenarios of 
parenchymal acute kidney injury (AKI) related to renal microvascular injury. Acute cortical 
necrosis is a rare condition related to an ischemic necrosis of renal cortex. Necrotic lesions 
can be dueto several injuries and may be focal, multifocal or diffuse. Renal necrotic lesions 
become visible with ultrasound only after renal recovery. HUS is a rare disease character- 
ized by hemolytic anemia, thrombocytopenia and AKI. Color Doppler ultrasound is useful 
during diagnostic and follow-up phase. Renal artery thrombosis and renal vein thrombo- 
sis may also cause parenchymal AKI. Acute renal infarction is a rare pathological condition 
that occurs due to clots or cholesterol aggregates occluding renal artery or its branches. 
Several causes may lead to partial or massive kidney ischemic necrosis. Contrast-enhanced 
CT allows definitive diagnosis in 80% of cases and, at present, it is the first imaging tech- 
nique used. Ultrasound (US) sensitivity and specificity significantly increases with color 
Doppler and contrast-enhanced US (CEUS). In AKI patients, in whom the use of iodinated 
contrast media is contraindicated, color Doppler and CEUS may be valid alternatives for 
the diagnosis of acute renal infarction. Renal vein thrombosis may be primary or second- 
ary to retroperitoneal neoplasm or inflammatory diseases. It rarely causes an acute wors- 
ening of renal function because of the presence of several anastomosis that prevent pa- 
renchymal necrosis due to venous congestion. Color Doppler US could detect thrombus 
within the lumen and document the absence of venous flow. © 2016 S. Karger AG, Basel 


Introduction 


Acute renal microvascular damage is a parenchymal cause of acute kidney in- 
jury (AKI). It may be classified as follows: (1) immunological diseases, such as 
rapidly progressive glomerulonephritis, vasculitis, kidney rejection; (2) degen- 
erative diseases, such as malignant hypertension; (3) hematological diseases, 
such as hemolytic uremic syndrome (HUS), thrombotic thrombocytopenic pur- 
pura and disseminated intravascular coagulation. 

Renal artery thrombosis and renal vein thrombosis are also responsible for 
parenchymal AKI related to renal vascular diseases. 


Acute Cortical Necrosis 


Acute cortical necrosis is a rare cause of AKI. It is related to an ischemic necro- 
sis of renal cortex. Necrotic lesions can be due to arterial vasospasm, microvas- 
cular damage, drugs administration or disseminated intravascular coagulation. 
Necrosis may be delimited and multifocal or may involve the entire cortex of 
both kidneys. This last condition is rare and it is due to shock, sepsis, acute myo- 
cardial infarction or burns. In most cases, medulla, juxtamedullary cortex and a 
thin layer of sub-capsular cortex are not damaged. Morphological and struc- 
tural characteristics of kidneys in cortical necrosis are inconstant. During the 
acute phase of diffuse acute cortical necrosis, renal ultrasound (US) shows kid- 
neys with normal volume, with no differentiation between cortex and medulla 
and, occasionally, a thin hypoechoic peri-renal layer related to reactive edema 
[1]. Acute cortical necrosis may also be related to intense physical activity. It can 
be due to rhabdomyolysis and subsequent myoglobinuria, or due to anaerobic 
exercise, with neither myoglobinuria nor type II fiber myolysis [2]. According 
to several literature reports, the last clinical condition could be due to the ad- 
ministration of non-steroidal anti-inflammatory drugs (NSAIDs) and arterial 
hypotension, and it is characterized by severe back pain after intense physical 
activity. In these cases, renal US shows wedge-shaped hypoechoic areas, which 
are extended from the cortex to the medulla. Renal necrotic lesions are detect- 
able by CT since the onset phase of AKI, while they become visible with US only 
after renal recovery (fig. 1) [3]. Contrast-enhanced US (CEUS) may improve the 
diagnosis of diffuse acute cortical necrosis. Otherwise, due to the rarity of this 
disease and the critical conditions of patients affected, literature evidence is 
missing. 
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Fig. 1. Acute cortical necrosis. Male, aged 38 years. Intense physical activity and food 
supplements/creatine abuse. After intense physical activity in bad weather conditions 
and use of NSAIDs for fever, he developed acute worsening of renal function, arterial hy- 
potension and severe lumbar pain without myoglobinuria. Since there was no renal re- 
covery, patient started chronic hemodialysis. One month later, conventional US showed 
(a) kidneys with decreased volume (coronal diameter 9 cm), hyperechoic parenchyma 
with multiple hypoechoic gaps (arrowheads) diffused in both cortex and medulla. b Renal 
artery showed a Doppler wave with increased resistances and diastolic flow still present. 
c, d Color Doppler sampling showed several transcapsular vessels with flow toward peri- 
renal space (arrow). L = Liver. 


Hemolytic Uremic Syndrome 


HUS is a rare disease characterized by hemolytic anemia, thrombocytopenia 
and AKI. In children, HUS is the most common cause of AKI, and in most 
cases, it achieves full renal recovery without any clinical consequences. In 
adults, HUS is rarer than in children and it has a worse course, thus possibly 
leading to irreversible chronic kidney disease (CKD) and death. The etiology 
of HUS is still debated. Otherwise, in most cases, it occurs after severe gastro- 
intestinal infections due to ingestion of water or foods, such as undercooked 
meat or milk products, contaminated with Escherichia coli or Shigella 
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Dyssenteriae [4]. Enterobacteria release toxins into the circulation causing a 
severe endothelial damage to capillaries and arterioles of both kidneys and 
brain. Nevertheless, the neurological damage is more important in thrombot- 
ic thrombocytopenic purpura than in HUS. In the most severe cases, verotox- 
ins released by enterobacteria can also impair mucosal vessels of bowel, lead- 
ing to hemorrhagic colitis. Thickening of vessel wall, due to endothelial cells 
swelling and detachment, and thrombosis of microvessels are the most com- 
mon histopathological signs of HUS. Kidney lesions are different on the basis 
of the age of patients with HUS. In children up to 2 years, lesions are primar- 
ily localized into glomeruli. In children over 2 years and in adults, glomerular 
injury is more variable, while signs of thrombotic microangiopathy of renal 
arteries and arterioles and post-glomerular capillaries are prevalent. The pres- 
ence of neurological symptoms, which is related to the damage of small cere- 
bral arteries, negatively influences patient outcomes. HUS can also have an 
unusual clinical course. Severe HUS is characterized by hemorrhagic colitis, 
rapidly progressive kidney failure and resistant hypertension. Less severe HUS 
does not cause diarrhea during early stages and cause progressive renal insuf- 
ficiency that develops in parallel with neurological symptoms onset. A par- 
ticular type of HUS affects several family members, thus indicating a genetic 
predisposition rather than a common exposure to the same cause. In addition, 
HUS can occur in pregnancy or be related to drug administration [5], malig- 
nancy or HIV infection. 

US in HUS shows enlarged kidneys with well-defined and hypoechoic pyra- 
mids and a diffusely hyperechoic cortex. During the acute phase, as vasocon- 
striction leads to the development of thrombotic microangiopathy, Doppler 
wave shows a decrease of diastolic flow in renal artery and an important increase 
of renal resistive indexes (RIs). In the most severe conditions, Doppler wave may 
show a reverse flow [6]. Morphological and Doppler parameters progressively 
achieve normal values parallel to renal recovery. Nevertheless, 5 years after the 
resolution of HUS, RIs are still significantly superior to age-matched healthy 
subjects [6-8]. 


Renal Artery Thrombosis 

Acute renal infarction is a rare pathological condition that occurs due to clots 
or cholesterol aggregates that move into circulation leading to the obstruction 
of renal artery or its branches. In about 50% of cases, emboli derive from the 


breakdown of a left atrial thrombus during atrial fibrillation. In other cases, 
thromboembolism is primitive and occurs in young subjects without any 
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thrombogenic risk factor [9]. Cholesterol emboli move from spontaneous or 
iatrogenic fragmentation of an aortic calcified plaque. Ischemic necrosis can be 
partial (focal or multifocal) or massive (mono or bilateral). Most cases of partial 
or segmental infarction are related to embolism during atrial fibrillation or en- 
docarditis (fig. 2) [10]. Rarely, acute renal infarction is due to spontaneous dis- 
section of renal artery (fig. 3), dilated cardiomyopathy [11] and paradoxical 
embolism. In about 10% of cases, both kidneys are affected. Usually, bilateral 
renal infarction is related to aortic injury or surgery [12] (fig. 4). More rare con- 
ditions associated to bilateral renal infarction are aortic dissection, septic em- 
boli during endocarditis, systemic lupus erythematosus, vasculitis secondary to 
sickle cell disease [13], antiphospholipid antibody syndrome [14] and cocaine 
abuse [15]. 

Kidneys are not frequently affected by peripheral arterial thromboembolism. 
In a study that enrolled more than 600 patients, the arteries most frequently af- 
fected by thromboembolism were lower limbs arteries (61%), mesenteric arter- 
ies (29%), pelvic arteries (9%), aorta (7%) and, lastly, renal arteries (2%) [16]. 
Renal thromboembolism mostly affects adult-elderly subjects (age >65 years) of 
both gender. 

The onset is characterized by intense lumbar or abdominal pain, fever, nau- 
sea and vomit. Rarely, acute renal infarction begins with arterial hypertension 
or oliguria and AKI. During the emergency phase, differential diagnosis may be 
very difficult. All causes of acute surgical abdomen must be excluded (appendi- 
citis, diverticulitis, ruptured abdominal aortic aneurysm, testicular/ovarian tor- 
sion, strangulated hernia, intestinal obstruction and/or perforation), as well as 
acute non-surgical causes (mesenteric ischemia, nephrolithiasis, pyelonephri- 
tis). In this phase, the diagnosis is possible only in 40% of patients, while in oth- 
er cases acute renal infarction is unrecognized (fig. 5). Hematuria is frequently, 
but not constantly present. On the contrary, increase of LDH and leukocytosis 
are always present. Proteinuria occurs in only 45% of patients, while C-reactive 
protein is often increased. Renal function may be normal. Nevertheless, when 
necrosis is extensive, AKI occurs [17]. 

The most common consequences of acute renal infarction are renal function 
loss and resistant arterial hypertension. Many patients undergo CKD and in few 
cases (8%) renal replacement therapy is required [18]. 

Angiography is considered the gold standard for the diagnosis of renal ar- 
tery thrombosis, with a sensitivity of 100%. Renal scintigraphy is positive in 
97% of cases. Contrast-enhanced CT is positive in 80% of cases and, at present, 
it is the first imaging technique used. US is rarely useful for definitive diagno- 
sis (3% of cases), although its sensitivity and specificity significantly increase 
with color Doppler and CEUS. In contrast-enhanced CT, renal parenchyma 
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Fig. 2. AKI due to iatrogenic atheroembolism. Female, aged 65 years. After a diagnostic 
arteriography, patient had a rapid worsening of renal function with an increase of serum 
creatinine (from 1.6 to 6.6 mg/dl), eosinophilia (8.5%), LDH 375 Ul/l. a At B-mode US eval- 
uation, aorta showed mild atheromasia. b Carotid arteries showed severe atheromasia. 
c Abdominal B-Mode examination showed normal kidneys volume and sinus sclerolipo- 
matosis. Right kidney had decreased parenchymal thickness. d Color Doppler sampling 
of interlobular arteries showed high renal RIs (0.77-0.81). e, f Color Doppler sampling of 
renal arteries excluded stenosis. Doppler wave with an important systo-diastolic differ- 
ence was indicative of increased intraparenchymal vascular resistances. 
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Fig. 3. AKI due to arterial thromboembolism in single kidney patient. A 78-year-old male 
with severe systemic arteriopathy (previous acute myocardial infarction, aortocoronary 
bypass, aorto-bisiliac graft, obliterative arterial disease of the lower limbs, previous tran- 
sient ischemic attacks), atrial fibrillation and previous left nephrectomy due to neoplasm. 
His baseline serum creatinine (sCr) was 1.6 mg/dl. He was referred to the nephrologist 
because of rapid worsening of renal function (sCr up to 10.9 mg/dl) and anuria. US ex- 
amination excluded vesical globus and atrial thrombus. The right kidney appeared glo- 
bose-shaped (coronal diameter 13 cm), diffusely hypoechoic and with poor vasculariza- 
tion. a US B-mode examination showed hypoechoic material into the renal artery at the 
ostium, with floating intimal flap (arrow). b At color Doppler sampling, there was no 
signal at the ostium. ¢ Collateral vessels (white arrow) perfused distal main renal artery, 
which had an ostial stenosis (arrowhead). (*) Spectral analysis showed slow blood flow 
secondary to atrial arrhythmia. The patient refused arteriography. He started hemodialy- 
sis and thrombolysis with continuous infusion of heparin for 5 days. d At color Doppler, 
after 10 days from the withdrawal of heparin, artery became patent. Doppler wave at 
ostium (e) and at hilum (f) did not show signals of stenosis. Intraparenchymal renal Rls 
were 0.76. Patient was discharged with anticoagulant therapy (sCr 1.8 mg/dl). RRv = Right 
renal vein; IVC = inferior vena cava; Ao = aorta; RRa = right renal artery. 

(For figure 3e and f see next page.) 
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affected by ischemic necrosis appears hypodense, wedge-shaped from renal 
medulla to cortex and it is not enhanced with contrast media. In addition, ne- 
crotic area is delimited by a thin hyperdense outline, which is the thin subcor- 
tical parenchymal layer, perfused by capsular arteries [19]. This hyperdense 
outline allows differential diagnosis between ischemic lesion (especially if it is 
extensive) and pyelonephritic area, in which the outline is usually missed. 
When CT scan is negative, but LDH increases, patient should be monitored. 
In this case, a renal scintigraphy is indicated to evaluate potential occurrence 
of sclerotic areas. 

In patients with AKI, the use ofiodinated contrast media is contraindicated. 
In this setting, CT sensitivity decreases and CEUS may be a valid alternative 
for the diagnosis of acute renal infarction. It should be performed with low 
mechanical index sonographic contrast media and dedicated color power 
Doppler sequences using second harmonic imaging and pulse inversion 
[20, 21]. 

In acute massive renal thrombosis, color Doppler allows an immediate diag- 
nosis. Kidney is enlarged, globose-shaped, hypoechoic and not perfused. The 
absence of vascular signal persists even after contrast media administration. On 
the contrary, segmental renal infarction appears as a hypoechoic and non-per- 
fused triangular area. This aspect characterizes both focal ischemic necrosis and 
focal pyelonephritis, in which hypoperfusion is due to massive infiltration of 
inflammatory cells. Contrast media administration improves the evaluation of 
small vessels (Ø <400 um), thus identifying focal or multifocal ischemic areas 
with higher sensitivity. Nevertheless, without a clear clinical setting, CEUS does 
not allow differential diagnosis. The reliability of color Doppler and CEUS are 
often limited by technical and anatomical problems. For instance, small subcor- 
tical or polar infarction is difficult to diagnose in native kidney, as well as in kid- 
ney transplant. Moreover, the low frequency of renal artery thrombosis and the 
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Fig. 4. Acute thrombosis of right renal artery. Male, aged 68 years, with systemic arteri- 
opathy and pararenal aortic aneurysm treated with conventional aneurismorraffy and 
reimplantation of renal arteries into the graft after fissuration. After surgery, patient had 
renal recovery and his baseline serum creatinine (sCr) was 1.7 mg/dl. One month after 
surgical intervention and after heparin withdrawal, he had a rapid worsening of renal 
function (sCr 8,4 mg/dl) with oliguria and a severe lumbar pain. a, b At B-Mode examina- 
tion, kidneys were enlarged and globose-shaped (coronal diameter >12.5 cm). Right kid- 
ney was hypoechoic compared to left kidney. e At color Doppler sampling, the right kid- 
ney was not perfused, while (d) the left kidney had a normal vascularization. e Aortic and 
renal grafts were surrounded by reactive tissue. f At color-Doppler sampling, vascular 
prosthesis of right renal artery was not perfused, while (g) the left renal artery prosthesis 
had a normal vascularization. Arteriography was not performed. Patient underwent med- 
ical thrombolysis. One month after acute renal artery thrombosis, sCr was stable (2.3-2.8 
mg/dl). At B-Mode examination, right kidney was athrophic (coronal diameter <6 cm) (h), 
while left kidney was normal (coronal diameter 10.4 cm) (i). Left renal artery was patent 
and Doppler wave showed a decreased diastolic flow (j) due to the increase of intraparen- 
chymal renal Rls (k). RRa = Right renal artery. 
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lack of studies on large series do not allow considering CEUS as the first exami- 
nation in the management of these patients. The more frequent use of CEUS 
may indicate, in the future, the precise role of this technique in the diagnosis of 
renal infarction. 


Renal Vein Thrombosis 


Renal vein thrombosis may occur in renal and/or retroperitoneal cancer, peri- 
renal abscesses, trauma, compression by aberrant arterial vessels or it may be 
related to primary renal diseases with nephrotic syndrome. Primary renal vein 
thrombosis is classified into 2 clinical variants: (1) renal vein thrombosis in new- 
borns and in children, characterized by dehydration and subsequent hyperco- 
agulability and thrombocytopenia [22] and (2) renal vein thrombosis related to 
nephrotic syndrome, in adults [23] (fig. 6). 

Renal vein thrombosis rarely causes an acute worsening of renal function be- 
cause of the presence of several intrarenal and para-renal anastomosis that pre- 
vent parenchymal necrosis due to venous congestion. However, in the case of 
acute renal vein occlusion (10% of cases), collateral vessels cannot prevent an 
acute venous congestion. This leads to an increase in kidney volume, a decrease 
in renal blood flow and, subsequently, to AKI. On the contrary, total or partial 
renal vein thrombosis may be paucisymptomatic if it develops sub-acutely or 
chronically. 


Fig. 5. Renal infarction due to thromboembolism of anterior branch of the right renal ar- 
tery. A 43-year-old female was referred to nephrologist because of CKD stage 2 and suspi- 
cious of chronic pyelonephritis. a, b At B-mode examination, right kidney appeared small, 
sclero-atrophic, with normal posterior parenchyma. ¢ Right renal artery had a slow flow 
characterized by low resistances. d Color Doppler sampling of right segmental posterior 
artery showed a low resistance flow with renal RI of 0.58. Left renal artery (e) and left in- 
trarenal arteries (f) were normal. Patient’s anamnesis reported several untreated episodes 
of tachyarrhythmia. The main episode occurred when patient was 27 years old. It was ac- 
companied by acute and severe right lumbar pain and de-novo arterial hypertension. 
Blood pressure returned spontaneously to normal values after 2 years. Serum creatinine 
(sCr) was normal. Diagnostic hypothesis was renal infarction due to thromboembolism of 
anterior branch of the right renal artery. Separate renal function measured by renal scin- 
tigraphy (Gates method) confirmed the right kidney decreased function (creatinine clear- 
ance - CrCl- 26 ml/min) and left kidney normal function (CrCl 75 ml/min). This clinical case 
demonstrates that renal infarction is often misdiagnosed. RRa = Right renal artery. 


(For figure see next page.) 
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US and color Doppler findings are (1) visualization of iso-echogenic (recent 
thrombosis) or hyper-echogenic organized thrombus within renal vein, which 
occupies part of or the entire lumen; (2) absent or decreased venous flow; (3) 
absent velocity/time curve in renal vein [24]. 

An important sign allows differentiating primary from secondary renal vein 
thrombosis: in primary diseases, thrombi occupy the entire vein lumen but do 
not deform it, while in secondary diseases, renal vein appears irregular and di- 
lated due to thrombus wall compression [25]. 


Clinical Scenarios in AKI-Parenchymal AKI - Vascular Diseases 59 


Contrib Nephrol. Basel, Karger, 2016, vol 188, pp 48-63 (DOI: 10.1159/000445467) 


Fig. 6. Bilateral renal vein thrombosis in a patient with nephritic syndrome secondary to 
focal glomerulosclerosis. Male, aged 23 years, with normal glomerular filtration rate (GFR) 
and proteinuria 12-17 g/day. US evaluation was required after acute worsening of GFR 
and low back pain (serum creatinine was 3.7 mg/dl). a Right kidney longitudinal diameter 
was 14 cm and it appeared hypoechoic, globose-shaped and hypoperfused (b). RI was 
0.68. ¢, d Right renal vein showed a hypoechoic material (white arrows) filling most part 
of the lumen (arrowhead). After systemic anticoagulant therapy (e, f) vein showed a par- 
tial recanalization with thin flow signals (arrowhead) around the thrombus. The progres- 
sive improvement in vessel perfusion occurred together with functional recovery. K = Kid- 
ney; L = liver; IVC = inferior vena cava. 
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Fig. 7. Neoplastic thrombosis of right renal vein and inferior vena cava. a Ascending sub- 
costal right scan shows a non-homogeneous hypoechoic renal mass of the upper lip of 
the right renal sinus (white arrows). A round hyperechoic mass fills the lumen of the infe- 
rior vena cava (*). b, c Paramedian sagittal scan on intrahepatic vena cava. Inferior vena 
cava is occupied by a solid hyperechoic nodule (arrow), which enlarges the vein without 
occluding it. Thrombosis extent (arrowhead) is toward sub-diaphragmatic inferior vena 
cava (caval thrombosis level II). d, e Caval thrombus shows a rich and irregular vascular 
network. f Spectral analysis shows thin flow signals around the thrombus profile. L = Liv- 
er; IVC = inferior vena cava. 
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Abstract 

The incidence of acute kidney injury related to urinary tract obstruction is low (1-10%). It 
occurs in bilateral renal or lower urinary tract obstruction or in ureter obstruction in pa- 
tients with a single functioning kidney or with pre-existing chronic kidney disease. The 
etiology and the incidence of obstruction vary on the basis of age and gender. Conven- 
tional ultrasound has a high sensitivity (>95%), but low specificity (<70%) in the diagnosis 
of urinary tract obstruction. Nevertheless, color Doppler is used through the evaluation 
of renal resistive indexes, ureteral jet and twinkling artifact. © 2016 S. Karger AG, Basel 


Incidence and Etiology of Post-Renal AKI 


The incidence of acute kidney injury (AKI) related to urinary tract obstruction 
ranges between 1 and 10% of AKI [1]. Among these cases, <5% requires surgical 
intervention [2]. A single functioning kidney can maintain the normal excre- 
tory function as well as the hydrosaline and acid-base balance, and this explains 
the low incidence of post-renal AKI. Subsequently, post-renal AKI occurs only 
in bilateral renal or lower urinary tract obstruction (bladder neck, urethra) 
(fig. 1) or in ureter obstruction in patients with a single functioning kidney 
(fig. 2) or with pre-existing chronic kidney disease. 

The etiology and the incidence of obstruction vary on the basis of age and 
gender (table 1). During childhood, the most common causes of post-renal AKI 
are congenital stenosis (urethra, uretero-pelvic junction, uretero-vesical 


Diverticlum 


Diverticlum 


Fig. 1. AKI due to acute urinary tract obstruction in a patient with benign prostatic hyper- 
trophy. The patient had worsening renal function (serum creatinine 4.8 mg/dl) and anuria. 
a, b Massive bilateral hydronephrosis: renal calyces of both sides were dilated, corticalized 
and with rounded contours. Renal pelvis and ureters were ectatic, without malformation. 
c Bladder had multiple parietal diverticula. d Benign prostatic hypertrophy: Transversal 
diameter 63 mm. c = Calyces; p = pelvis; u = ureter; B = bladder. 


junction), vesico-ureteral reflux and urolithiasis. In young and adult men, the 
most common cause of temporary urinary obstruction is kidney stones, while in 
young women it is more frequently related to gynecological surgery, pregnancy 
or pelvic organs cancer. In patients >60 years, urinary obstruction is more fre- 
quent in men than in women and it is commonly due to prostate hypertrophy 
or, occasionally, prostate cancer with infiltration of seminal vesicles and ure- 
teral orifice. 


Imaging in Clinical Work-Up of Post-Renal AKI 
Conventional ultrasound (US) has a key role in the diagnosis of urinary ob- 


struction [3]. Despite its high sensitivity (>95%), the detection of a urinary tract 
dilation does not necessarily mean the presence of an obstruction [4], thus 
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Fig. 2. AKI due to acute urinary tract obstruction in single kidney patient. A 78-year-old 
male with severe systemic arteriopathy (previous acute myocardial infarction, aortocoro- 
nary bypass, aorto-bi iliac graft, obliterative arterial disease of the lower limbs, previous 
transient ischemic attacks), atrial fibrillation, previous left nephrectomy due to neoplasm 
and recent acute right renal artery thrombosis treated with fibrinolysis. His baseline se- 
rum creatinine (sCr) was 1.8 mg/dl. Three months after the acute right renal artery throm- 
bosis, he spontaneously stopped the anticoagulant therapy and had a worsening of renal 
function (sCr 9.8 mg/dl) with renal colic and anuria. Laboratory examinations showed 
leukocytosis, while LDH was 187 Ul/l. a Right kidney was enlarged (coronal diameter 13.5 
cm), hypoechoic and without vascularization. b Upper urinary tract was dilated until me- 
dium ureter. Renal artery was patent. c At renal hilum, vascular signal was arrhythmic, 
characterized by high peripheral resistances (not only with marked differences between 
peak systolic velocities and end-diastolic velocities, but also with reverse flow). Abdomen 
X-rays did not show radiopaque stones. Spiral CT displayed a juxta-vesical ureteral lithia- 
sis (4-5 mm). The urinary tract obstruction was treated by ureteroscopy and double-J 
stenting. Patient was discharged with sCr 2.1 mg/dl. k = Kidney. 


reducing its specificity (<70%) [5]. When the virtual excretory system is dilated 
by urine stagnation, an anechoic, multi-loculated, fluid collection appears into 
the hyperechoic renal sinus. The fluid collection highlights the upper urinary 
tract. Renal calyces appear as multiple small anechoic circular gaps, which are 
closely linked with renal parenchyma and communicate with each other. They 
flow together into a large central gap characterized by a triangular or rounded 
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Table 1. Post-renal AKI etiology 


Acute bilateral ureter obstruction or unilateral ureter obstruction in single kidney 

Intrinsic obstruction (lithiasis, clots, papillary necrosis, uric acid crystals, hyphae, 
post-surgical edema) 

Extraluminal obstruction (ureter surgical ligature) 

Paraluminal obstruction (fibrosis, retroperitoneal effusion) 


Low urinary tract obstruction (bladder neck) 

Intrinsic obstruction (lithiasis, clots, papillary necrosis, vesical neoplasm, urinary tract 
infections with edema, neurologic bladder, anti-depressive drugs) 

Extraluminal obstruction (benign prostate hypertrophy, prostate cancer) 


Urethral obstruction (commonly chronic) 
Phimosis, congenital valves, urethral stenosis, neoplasms 


shape (pelvis). The renal pelvis converges into the ureter, a small duct with a 
variable diameter on the basis of hydronephrosis severity. Ureter runs along the 
medial profile of psoas muscle, crosses the external iliac vessels and arrives into 
the small pelvis. 

There are several physiological and para-physiological conditions that may 
lead to a slight hypotonia of the excretory system (hyperhydration, diuretics use, 
pregnancy, mega-calycosis). These circumstances, as well as some anatomical 
abnormalities, such as extra-renal pelvis and para-pelvic cysts, must be taken into 
account in the differential diagnosis [3]. Conversely, pathological conditions, 
such as retroperitoneal fibrosis, post-actinic ureteral lesions and lymphomatous 
infiltration may cause ureteral obstruction without evident urinary tract dilation. 

The major limits of US in the diagnosis and the follow-up of hydronephrosis 
are its low specificity and the poor visibility of lumbar and pelvic ureter. As men- 
tioned above, the occurrence of urinary tract dilation does not necessarily mean 
the presence of an obstruction. The low specificity of US could partially be over- 
come by means of color Doppler through the visualization of ureteral jet and the 
measurement of renal resistive indexes. In fact, the presence of ureteral jet, re- 
lated to urine excretion into the bladder, could assess function and patency of 
the ureter [6]. Regarding renal hemodynamic in urinary tract obstruction, it has 
been shown that RIs are significantly higher in obstructed than in non-obstruct- 
ed kidneys [7]. However, an intermittent or partial hydronephrosis that alters 
renal hemodynamics may lead to a wrong diagnosis. 

The sensitivity of Doppler is reduced in cases of hyperhydration, administra- 
tion of non-steroidal anti-inflammatory drugs or diuretics. The stimulated di- 
uresis test [8], the evaluation of ureteral jet and of twinkling artifact could be 
useful for the differential diagnosis [6]. Twinkling artifact is a color Doppler 
phenomenon that may facilitate the detection of nephrolithiasis. This artifact is 
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commonly observed at color Doppler imaging when rough reflective surfaces, 
such as renal calculi, are insonated. It appears as a comet tail behind the hyper- 
echoic line produced by calculi with alternating colors [9]. 


Conclusion 
Conventional US has a high sensitivity in the diagnosis and in the follow-up of 


urinary obstruction. Moreover, its low specificity could be overcome by means 
of color Doppler through the evaluation of RI, ureteral jet and twinkling artifact. 
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Abstract 

Chronic kidney disease (CKD) diagnosis and staging are based on estimated or calculated 
glomerular filtration rate (GFR), urinalysis and kidney structure at renal imaging tech- 
niques. Ultrasound (US) has a key role in evaluating both morphological changes (by 
means of B-Mode) and patterns of vascularization (by means of color-Doppler and con- 
trast-enhanced US), thus contributing to CKD diagnosis and to the follow-up of its pro- 
gression. In CKD, conventional US allows measuring longitudinal diameter and cortical 
thickness and evaluating renal echogenicity and urinary tract status. Maximum renal 
length is usually considered a morphological marker of CKD, as it decreases contemporar- 
ily to GFR, and should be systematically recorded in US reports. More recently, it has been 
found to be a significant correlation of both renal longitudinal diameter and cortical thick- 
ness with renal function. Conventional US should be integrated by color Doppler, which 
shows parenchymal perfusion and patency of veins and arteries, and by spectral Doppler, 
which is crucial for the diagnosis of renal artery stenosis and provides important informa- 
tion about intrarenal microcirculation. Different values of renal resistive indexes (RIs) have 
been associated with different primary diseases, as they reflect vascular compliance. Since 
RIs significantly correlate with renal function, they have been proposed to be independent 
risk factors for CKD progression, besides proteinuria, low GFR and arterial hypertension. 
Despite several new applications, US and color Doppler contribute to a definite diagnosis 
in <50% of cases of CKD, because of the lack of specific US patterns, especially in cases of 
advanced CKD. However, US is useful to evaluate CKD progression and to screen patients 
at risk for CKD. The indications and the recommended frequency of color Doppler US could 
differ in each case and the follow-up should be tailored. © 2016 S. Karger AG, Basel 
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Fig. 1. Conceptual model of CKD. Algorithm represents the CKD progression, from the 
development to the occurrence of complications. Green circles symbolize CKD stage 3-5, 
blue circles preclinical phases (CKD stages 1-2 and increased risk for CKD), while pink 
circles the major outcomes such as end-stage renal disease and death. Thin arrows indi- 
cate risk factors related to the development and the progression of CKD. Empty arrows 
symbolize the potential reversibility of clinical phases. Complications represent the clini- 
cal manifestations due to CKD and its treatment as well as the consequences ofthe reduc- 
tion of GFR and cardiovascular diseases associated to CKD. The objectives of primary, 
secondary and tertiary CKD prevention are to slow CKD progression, treat complications 
of CKD and reduce cardiovascular risk, thus improving patients' life quality and survival. 
Modified from National Kidney Foundation guidelines [2]. 


Definition, Staging and Progression of Chronic Kidney Disease 


The National Kidney Foundation’s Kidney Disease Quality Outcome Initia- 
tive (NKF-KDOQI) [1] has proposed the current conceptual model of chron- 
ic kidney disease (CKD) for the first time in 2002. Subsequently, this model 
was improved by the Kidney Disease: Improving Global Outcomes work 
group and, at last, approved in an international consensus conference in 2005 
[2]. The conceptual model of CKD, showed in figure 1, contributed to im- 
prove definition, staging, prognosis, treatment and complications of CKD, as 
well as risk factors for CKD progression. The objective of this model was to 
develop programs for primary CKD prevention and improve outcomes in ad- 
vanced stages of CKD (secondary and tertiary CKD prevention). Despite cur- 
rent clinical management of nephropathic patients including several strategies 
to slow CKD progression, reduce cardiovascular risk and treat CKD compli- 
cations, thus improving patients” life quality and survival, there are still un- 
solved problems, such as the assessment of the impact of CKD on cardiovas- 
cular risk, the high frequency of late referral of nephropathic patients to ne- 
phrologists, the evaluation of the precise relationship between acute kidney 
injury (AKI) and CKD and the potential reversibility of CKD. Moreover, the 
definition of a normal range of values for glomerular filtration rate (GFR) in 
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Table 1. Stages of CKD 


Stage Description GFR, ml/min/1.73 m? 
1 Kidney damage with normal or 1 GFR >90 

2 Kidney damage with mild | GFR 60-89 

3 Moderate | GFR 30-59 

4 Severe | GFR 15-29 

5 Kidney failure <15 (or dialysis) 


CKD is defined as either kidney damage or GFR <60 ml/min/1.73 m? for >3 months. Kidney 
damage is defined as pathologic abnormalities or markers of damage, including abnor- 
malities in blood or urine tests or imaging studies. 


the elderly is still controversial, as well as the clinical meaning of albuminuria 
in CKD patients. A multidisciplinary approach, including the analysis of epi- 
demiological data, basic research and clinical investigations, may assess the 
efficacy of each therapeutic strategy and its ability to decrease the social bur- 
den of CKD. 

CKD is diagnosed by the presence of either kidney damage or decreased kid- 
ney function (decreased GFR) for >3 months [1-3]. This definition provides 
objective diagnostic criteria, which can be easily checked by means of blood or 
urine samples or renal imaging. 

The Cockcroft-Gault and the Modified Diet in Renal Disease equations are 
the most used formulas to estimate, respectively, creatinine clearance (CrCl) and 
GFR. They are both precise if GER is less than 60 ml/min/1.73 m?, while they 
lose accuracy in the presence of higher GRF values. In clinical settings where 
renal function must be precisely assessed, such as in potential kidney donors, 
24-hour CrCl measurement is mandatory. However, in most cases, estimated 
GFR (eGFR) allows diagnosis, classification and evaluation of CKD progression 
[1, 3]. The CKD classification in 5 stages, based on the progressively worsening 
of GFR, is shown in table 1. 

The aims of each therapeutic strategy used in CKD are to prevent the loss of 
renal function, to manage potential complications and to reduce cardiovascular 
risk. 

The loss of renal function in CKD may widely vary. The rapid progression of 
CKD is defined as the decrease of GFR >4 ml/min/1.73 m?/year. When it occurs, 
CKD stage 3 (GFR <60 ml/min/1.73 m°) takes about 10 years to evolve in CKD 
stage 5 (15 ml/min/1.73 m?). The progression of CKD occurs more rapidly in 
patients suffering from poorly controlled arterial hypertension, proteinuria and 
diabetes [4], while it slows by the administration of renin-angiotensin system 
inhibitors, which reduces both blood pressure and proteinuria. 
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The most common complications of CKD are arterial hypertension, anemia, 
malnutrition, mineral bone diseases, neuropathy and worsening of life quality. 
These complications mainly occur during CKD stage 4 and 5 (GFR <30 ml/ 
min/1.73 m?), but they may be prevented by early treatments. Moreover, it must 
be highlighted that CKD patients have a higher susceptibility to AKI related to 
surgical or medical potentially invasive procedures or exposure to toxic drugs 
than general population. 

The presence of CKD is an independent risk factor for cardiovascular disease 
[5]. In CKD patients, cardiovascular events occur more frequently; treatment 
and prevention of cardiovascular diseases may both improve primary outcomes 
and reduce CKD progression, thus revealing a close linkage between heart and 
kidney [5, 6]. 


Prevalence and Etiology of CKD 


CKD is a major cost driver for healthcare systems in developed countries. In fact, 
the number of patients with CKD is increasing due to the rise in the average 
population age and, subsequently, in the prevalence of age-related diseases, such 
as arterial hypertension and diabetes, that participate to the pathogenesis of 
CKD. Otherwise, CKD patients have 3- to 4-fold increased risk for cardiovascu- 
lar mortality and 20- to 50-fold increased risk for dialysis, which is an expensive 
chronic treatment, compared to general population. It has been calculated that 
363 patients per million population (pmp) started dialysis in 2013 in the United 
States [7]. 

Table 2 shows the classification of CKD on the basis of etiology proposed 
by NKF-KDOQI [1] and the prevalence of each etiology in patients with 
advanced CKD in United States, as reported in the United States Renal Data 
System [7]. It has been estimated that diabetes and arterial hypertension are 
the main causes for new entries in dialysis (72.5% of cases), while glomerular 
diseases represent the third cause (7.5%) followed by cystic diseases. Due to 
the high rate of late nephrology referral in CKD, 17.7% of new entries in 
dialysis are unknown or related to less frequent causes, such as hereditary 
kidney diseases, congenital abnormalities, vesico-ureteral reflux, chronic 
pyelonephritis and chronic interstitial nephropathy. In developed countries, 
the incidence of post-infective glomerulonephritis is decreasing, while ne- 
phropathy due to systemic diseases and chronic interstitial nephritis are be- 
coming more frequent. Moreover, while hereditary and congenital diseases, 
glomerulonephritis and interstitial nephropathy are more frequent in adults, 
vascular and diabetic nephropathy outnumber in the elderly. The age-related 
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Table 2. Classification of CKD on the basis of pathophysiology [1], etiology [1] and preva- 


lence (according to the USRDS) [7] 


Pathophysiology 


Etiology Prevalence, % 


Diabetic Glomerulosclerosis 


Diabetes mellitus (type 1 and 2) 44 


Primary or secondary glomerular diseases 7.5 
Proliferative GN SLE 
Membranoproliferative GN Vasculitis 
Focal proliferative GN Infective endocarditis 
Diffuse proliferative GN Hepatitis B, C 
Crescentic GN HIV 
Non-inflammatory glomerular diseases 
Minimal change disease 
Focal glomerulosclerosis 
Membranous GN 
Fibrillary GN 
Alport syndrome 
Vascular diseases 29 
Large vessel diseases Renal artery stenosis 
Medium vessel diseases Arterial hypertension 
Nephrosclerosis 
Small vessel diseases Sickle cell anemia 
Microangiopathy HUS (including cyclosporine 
and tacrolimus toxicity) 
Tubulointerstitial diseases 4 
Tubulointerstitial nephritis Infection, lithiasis 
Pyelonephritis NSAIDs 
Analgesic nephropathy Antibiotics 
Interstitial allergic nephritis Sarcoidosis 
Granulomatous interstitial nephritis Uveitis 
Noninflammatory tubulointerstitial nephritis  Vesico-ureteral reflux 
Reflux nephropathy Neoplasm, prostatism, lithiasis 
Obstructive nephropathy Multiple myeloma 
Myelomatous kidney 
Cystic diseases 2 
Polycystic disease Autosomal dominant or 
recessive disorders 
Tuberous sclerosis 
Von Hippel Lindau syndrome 
Medullary cystic disease 
Kidney transplant 13.5 


Chronic renal allograft rejection 
Drug toxicity 

Recurrent disease 

Transplant nephropathy 


Cyclosporine/tacrolimus 
Glomerular diseases 


USRDS = United States Renal Data System; GN = glomerulonephritis; SLE = systemic lupus erythe- 
matosus; HIV = human immunodeficiency virus; HUS = hemolytic uremic syndrome; NSAIDs = 


non-steroidal anti-inflammatory drugs. 
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diseases, such as atherosclerosis, diabetes and arterial hypertension, lead 
more frequently to a CKD characterized by the combination of different risk 
factors. 


Imaging in Clinical Work-Up of CKD 


CKD diagnosis and staging are based on estimated or calculated GFR, urinalysis 
(i.e., proteinuria, hematuria, hyposthenuria, etc.) and kidney structural abnor- 
malities displayed by renal imaging techniques. Ultrasound (US) is usually the 
first medical test prescribed in subjects at risk for kidney damage as well as in 
nephropathic patients. Since renal biopsy and contrast media are contraindi- 
cated in CKD patients, US is crucial to evaluate both morphological changes (by 
means of B-Mode) and patterns of vascularization (by means of color Doppler 
and contrast-enhanced US [CEUS]), thus contributing to the diagnosis of CKD 
and its etiology. 

At present, the use of CT and MRI in CKD patients is limited to the investi- 
gation of obstructive diseases, urinary tract abnormalities and renal artery dis- 
eases. The role of urography with intravenous contrast media is also restricted, 
since most of its indications are replaced by spiral CT. Nevertheless, renal scin- 
tigraphy is still used, especially in cases of monolateral renal diseases, to examine 
perfusion, function and excretion of each kidney, separately. 

A protocol to prevent AKI related to contrast media (CI-AKI) should be used 
in cases in which a contrast-enhanced CT is mandatory. In fact, it has been es- 
timated that CI-AKI occurs in approximately 6% of patients who underwent 
contrast-enhanced CT, and in 1% of cases, CI-AKI evolves in CKD [8]. More- 
over, as we mentioned above, CKD patients have a higher susceptibility to CI- 
AKI. Similarly, MRI with gadolinium chelate is also contraindicated in CKD 
patients for the risk of nephrogenic systemic fibrosis (NSF). In the future, the 
development of CEUS may become critical in CKD patients. 

In CKD, conventional US allows to measure longitudinal diameter and cor- 
tical thickness and to evaluate renal echogenicity and urinary tract (fig. 2). Re- 
nal longitudinal diameter is usually taken into account as a morphological 
marker of CKD, as it decreases contemporarily to GFR. In fact, despite few old 
studies showing a high correlation of GFR and renal volume [9], the measure- 
ment of maximum renal length of both kidneys is recommended [10] and 
should be systematically recorded in ultrasonography reports. In a more recent 
study performed in the elderly renal volume and longitudinal diameter corre- 
lates with GFR, although renal volume is more predictive to progression of 
CKD [11]. Currently, the calculation of renal volume by means of longitudinal, 
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Fig. 2. Normal kidney. At B-mode exami- 
nation, the echogenicity of the kidneys is 
compared to the one of liver and of 
spleen. In figure 2, the right normal kidney 
appears hypoechoic in comparison to the 
liver because of the presence of severe 
liver steatosis. K = Kidney; L = liver. 


transversal and anteroposterior diameters is not always feasible and the use of 
ellipsoid formula is not appropriate because of the variability of renal shape 
[12]. Moreover, the low correlation between renal volume and GFR found in 
some studies [13] may be explained by the inclusion of renal sinus in the calcu- 
lation of total renal volume. In fact, renal sinus does not contain parenchyma 
and it differs for dimension in general population as well as in CKD patients. 
In chronic interstitial nephropathy, an atrophic index has been proposed to as- 
sess the progression of CKD. It is calculated by dividing renal longitudinal di- 
ameter by sinus longitudinal diameter, both measured in the same coronal scan 
[14]. In addition, some authors found a better correlation between GFR and 
cortical thickness measured in sagittal scan as the distance of basis of mesorenal 
medullar pyramid from renal capsule [15, 16]. It may be explained by the pro- 
gressive increase of cortical hyperechogenicity [17] and the decrease of cortical 
thickness [15] in CKD patients. Both variations also occur in cases character- 
ized by a normal longitudinal diameter or in cases of sinus sclerolipomatosis. 
In a recent study performed in 176 patients with different stages of CKD, renal 
length and cortical thickness (especially left cortical thickness) were correlated 
with renal function [18]. 

Conventional kidney B-Mode US should be integrated by color Doppler, 
which provides semi-quantitative parameters such as parenchymal perfusion, 
presence or absence of blood flow, patency of veins and arteries (fig. 3). Despite 
the usefulness of color Doppler, it does not often allow definitive diagnosis. 
Spectral Doppler, by which velocity (v)/time (t) curves can be obtained in prin- 
cipal as well as in interlobar arteries, is crucial for diagnosis of several patho- 
logical conditions. In fact, the measurement of systolic peak velocity and end- 
diastolic velocity in renal arteries is sufficient to diagnose or exclude the pres- 
ence of a renal artery stenosis. Calculation of renal resistive indexes (RIs) in 
interlobar arteries by means of spectral Doppler provides important informa- 
tion about intrarenal microvasculature. In CKD, the progressive decrease of 
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Fig. 3. Renal parenchymal blushing. The 

assessment of renal perfusion with color 

color Doppler technique is important but 
commonly does not guarantee a conclu- 
sive differential diagnosis. 


functioning renal mass is accompanied by a parallel decrease of renal blood flow. 
This is represented in spectral Doppler with a decreased width of the v/t curve 
and a slower diastolic flow. 

When the main damage is localized in the vessels wall, such as in cases of ath- 
erosclerotic remodeling, microcirculation thrombosis, atheroembolism and 
vasculitis, the capacitance (vascular compliance) and the total microvasculature 
cross-sectional area decrease (fig. 4). The increase in total vascular impedance 
leads to a marked pulsatile flow with a decreased diastolic perfusion and a sub- 
sequent RIs increase (>0.75). The RIs increase is related to arterial stiffness and 
increased hydraulic resistance [19] and it significantly correlates with athero- 
sclerotic damage of renal microvasculature [20]. When the interstitial infiltra- 
tion-fibrosis is predominant, the transmural pressure increases leading to a 
marked capacitance decrease. RIs are usually <0.75. Boddi et al. [21] demon- 
strated that RIs measurement allows an early identification of patients affected 
by chronic tubulointerstitial nephritis. In glomerulonephritis, the intrarenal 
vascular resistance increases to a lesser degree. As glomerulus sclerosis progres- 
sively develops, blood flow shunts from afferent to efferent arterioles, thus usu- 
ally leading to RIs <0.70. A study on 86 CKD patients with an average follow-up 
of 5 years, showed a slower GFR decrease in patients with initial RIs <0.61 or 
0.62-0.69 than in those with initial RIs 20.70. In 6-year follow-up, subjects with 
RIs 20.70 showed a decrease in GFR >50%, while in those with RIs <0.70, GFR 
decreases of 33% [22]. Therefore, RIs >0.70 are predictive for a faster progres- 
sion of CKD, regardless of the initial GFR value. In advanced CKD, progressive 
glomerular sclerosis, tubular atrophy and interstitial fibrosis are common in all 
diseases. In these patients, RIs are >0.70 and reach values >0.80 in last phases, 
independently by primary kidney injury. RIs >80 are associated with poor and 
slow blood flow and few possibilities of renal recovery, as it is well-documented 
in the transplanted kidney [23] as well as in the native kidney after renal artery 
stenosis correction [24]. Since Rls significantly correlate with renal function, 
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Fig. 4. Intra-parenchymal 
renal vascular resistance 
and renal RIs variation. 

a Diagram showing intra- 
renal resistances. Pre-glo- 0 
merular microvessels are 
responsible for the main 
vascular resistances. b In 
healthy adults, Rls mea- 
sured in inter-lobar arter- 
ies are <0.60. In patients a 
affected by CKD, RIs de- 
pend on primary disease. 
In fact, when primary dis- 
ease is interstitial, they are PS 853 emis 
usually >0.70 while, in cas- aa 
es of glomerulonephritis, 
they are <0.70. When mi- 
crovessels are largely af- 
fected by the disease, Rls 
are often >0.75. The pres- 
ence of RIs >0.80 has a 
negative prognostic signif- 
icance for renal recovery, 
in native and transplant 
kidneys. 
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they have been proposed as independent risk factors for the progression of CKD, 
besides proteinuria, low GFR and arterial hypertension [25]. 

Table 3 summarizes kidney abnormalities that could be detected by imaging 
techniques in CKD patients. 

At present, a better assessment of kidney perfusion is possible thanks to 
CEUS technique, which allows evaluation of vessels with a diameter <400 um. 
Nevertheless, the precise role of dynamic CEUS in the management of CKD is 
still undefined, except for chronic ischemic disease and atheroembolic nephrop- 
athy. Moreover, although the use of elastosonography in native kidneys seems 
to be restricted, further studies are needed to clarify its role in the assessment of 
CKD. 
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Table 3. Structural abnormalities of kidneys displayed by the main imaging techniques 
and potential related kidney diseases. Modified from National Kidney Foundation guide- 
lines [2] 


Imaging technique Kidney diseases 


US and color-Doppler 


General appearance Nephrocalcinosis, hydronephrosis, cystic or solid 
lesions 

Hyperechogenicity Microcystic disease or medical nephropathy 

Small hyperechoic kidneys CKD 

Nephromegaly Neoplasms, infiltrative diseases, nephrotic 
syndrome, early stages of diabetes 

Renal asymmetry/scars Vascular or urological diseases, tubulointerstitial 
diseases due to infections/lithiasis 

Doppler analysis Renal artery stenosis, renal vein thrombosis 

Urography Morphological or functional renal asymmetry, 


obstructive lithiasis, neoplasms, scars, calyces/ 
ureteral abnormalities 


CT Obstructions, neoplasms, cysts, lithiasis, renal artery 
stenosis, acute or chronic pyelonephritis 


MRI Solid or cystic lesions, renal vein thrombosis, renal 
artery stenosis 


Nuclear medicine techniques Morphological or functional renal asymmetry, renal 
artery stenosis, acute or chronic 
pyelonephritis 


Conclusion 


Despite several new applications, US and color Doppler contribute to a definite 
diagnosis in <50% of cases of CKD. Its poor sensitivity in diagnosis is due to the 
lack of specific ultrasonographic patterns, especially in cases of advanced CKD. 
However, US is useful to evaluate CKD progression and to screen patients at risk 
for CKD, such as subjects with kidney stones, recurring urinary infections, vesi- 
co-ureteral reflux, polycystic diseases or hydronephrosis related to intrinsic or 
extrinsic urinary tract obstruction or vesico-ureteral reflux. The indications and 
the recommended frequency of color Doppler US in CKD patients and in sub- 
jects at risk for CKD could differ in each case and the follow-up should be tai- 
lored. 
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Abstract 

Vascular chronic diseases represent one of the leading causes of end-stage renal disease 
in incident dialysis patients. B-Mode ultrasound (US) and color Doppler (CD) have a high 
sensitivity and specificity in the diagnosis of vascular chronic diseases. US and CD should 
be used to identify subjects in the high risk population who are affected by main renal 
artery stenosis (RAS) and to identify and characterize patients without RAS who have 
chronicischemic nephropathy caused by nephroangiosclerosis and/or atheroembolic dis- 
ease. The most important CD parameters in the work-up of suspected RAS are increased 
peak systolic velocity and diastolic velocity, spectral broadening, high renal:aortic ratio 
and lateralization of renal resistive indexes (Rls). In the absence of direct or indirect signs 
of RAS, increases in intraparenchymal Rls, associated with systemic atherosclerotic dis- 
ease, are indicative of microcirculation damage related to nephroangiosclerosis or athero- 
embolic disease. © 2016 S. Karger AG, Basel 


Main Renal Artery Diseases 


B-Mode ultrasound (US) does not have a pivotal role in differential diagnosis of 
renovascular disease but may show non-specific signs such as renal asymmetry, 
parenchymal thinning, flattening of the mesorenal column, aortic atheromatous 
disease or aneurysms and/or abnormalities of the renal artery course. Diagnosis 
of renal artery stenosis (RAS) is based only on a significant increase of systolic- 
diastolic velocity and a broadening of the velocity spectrum into the stenotic 
segment (fig. 1). 


Fig. 1. Ostial RAS. Axial oblique scan of 
the left renal artery at the hilum. All signs 
of critical stenosis are present: aliasing 
and vascular bruit at color Doppler; systo- 
diastolic acceleration (peak systolic veloc- 
ity >200 cm/s and diastolic velocity >90 
cm/s), spectral broadening and wall 
thump at spectral sampling. 


Blood flow is accelerated in the stenotic segment due to an increased trans- 
stenotic pressure gradient in order to maintain the continuity of downstream 
flow. Blood velocity increases (Venturi's effect) until a critical limit beyond 
which the trans-stenotic gradient is no longer able to overcome the stenosis’ re- 
sistance. In this phase, the downstream flow rate is reduced while vortices and 
random flow lines movements disperse the pressure energy into heat. In pre- 
occlusive stenosis, spectral curve is characterized by an important decrease of 
the systo-diastolic gap with an almost complete disappearance of the diastolic 
component. In renal artery obstruction, orthodromic flow disappears and color 
Doppler (CD) shows only weak systolic ejection cones. Ischemic kidney struc- 
ture varies depending on the clinical context in which the diagnosis is made. In 
early stages, when hemodynamic disturbances prevail (renovascular hyperten- 
sion, reduction of the glomerular filtration rate), kidney size appears normal or 
slightly reduced. If RAS remains misdiagnosed, ischemia causes a progressive 
loss of nephronic mass (1 cm of longitudinal diameter/year). Factors that deter- 
mine kidney damage are not yet well known, as atherosclerotic stenosis is com- 
monly overlapped with an important damage of the microcirculation (caused by 
nephrosclerosis or, rarely, by atheroembolism; fig. 2). 

Current pathophysiological interpretation is that stenosis synergistically acts 
with other progression factors (adaptive response of the renin-angiotensin sys- 
tem, dyslipidemia, atherogenic factors, hypoxia and oxidative stress) causing 
glomerulosclerosis, interstitial and vascular fibrosis. Indeed, glomeruli are af- 
fected only in end stages, while the prevalent injury would be interstitial fibrosis 
and progressive reduction of the cortical microcirculation [1]. 

These findings could justify the results of ASTRAL [2] and CORAL [3] stud- 
ies, which have documented the inefficacy of revascularization on primary 
stenosis outcomes (kidney function and high blood pressure) if compared with 
medical therapy. Interstitial damage causes a progressive volume reduction and 
ischemic kidney becomes asymmetric and smaller than the contralateral. 
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Fig. 2. Chronic ischemic nephropathy. Male, aged 78 years, with a history of ischemic 
heart disease and hypertension. In 2008, US revealed right kidney volume reduction (se- 
rum creatinine [sCr] 3.3 mg/dl, creatinine clearance [CrCL] 22 ml/min) with an aortic an- 
eurysm and an atherosclerotic plaque extended to the ostium of both renal arteries. Three 
years after the first observation, sCr was 5 mg/dl, CrCL was 11 ml/min and proteinuria 
<1 g/day with refractory hypertension. a Origin of the right renal artery with mixed ath- 
eromasia. b Slow ostial cone ejection, without critical accelerations. Spectral width was 
reduced and diastolic flow was absent. c At 1 cm from the origin, a collateral vessel 
showed an important acceleration >250 cm/s. d The right kidney appeared hyperechoic 
with several acquired cysts and a little parenchymal polar residual portion where RIs were 
lateralized if compared to the contralateral kidney (0.56 vs 0.78). Ao = Aorta; Rra and RRa= 
right renal artery; IVC = inferior vena cava; L = liver. 


Morphology of the ischemic kidney depends on the time of diagnosis. Thus, if 
the kidney maintains a normal volume, parenchyma appears thinned and hy- 
poechoic. In advanced nephropathy, RAS is not assessable with CD due to the 
complete loss of flow and kidney’s morphology being similar to that of other 
forms of CKD. Resistive indexes (RIs) behavior, calculated into the mesorenal 
interlobar arteries, reproduces the hemodynamic stages of the disease. If RAS is 
the prevalent damage, hypoperfusion causes a fall of renal flow and RIs, due to 
the activation of autoregulation mechanisms. RIs values in the ischemic kidney 
are much lower compared to the contralateral kidney (A> 0.12), where vascular 
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Fig. 3. Lateralization of intrarenal Rls. In ischemic kidney (a) Rls (RI) are reduced if com- 
pared to the contralateral kidney (b), where vascular resistances are increased due to pre- 
glomerular barrage caused by systemic hypertension. 
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Fig. 4. Parvus-tardus sign. Spectral wave- 
form shows a slow rise and a flattened 
systolic peak, downstream of a pre-occlu- meet reason ail fir nea EN: NEA 
sive stenosis. The parvus-tardus sign is an 
indirect sign of inflow resistance. 


resistances increase due to the pre-glomerular barrage caused by systemic hy- 
pertension (fig. 3). In other words, RIs are low and lateralized in the ischemic 
kidney compared to the contralateral kidney. In case of severe stenosis (>80- 
85%), hilar arteries can show a slow and flattened curve (parvus-tardus sign) that 
indicates the lack of inflow and the fall of intrarenal resistances (fig. 4). In any 
case, RIs values in ischemic kidney vary according to age, impairment of micro- 
circulation, parenchymal damage and therapy. In advanced kidney ischemia, 
when renal diameter is <9 cm and microcirculation remodeling prevails, RIs 
increase significantly (>0.75-0.80). Under such conditions, revascularization is 
contraindicated since there are poor chances of functional recovery [4]. 


Diseases of Medium Arteries and of Microcirculation 
If ischemic nephropathy is due to a main damage of microcirculation, coronal 


kidney diameter is almost normal (10 to 10.5 cm) and parenchymal thickness is 
only slightly reduced, while there is a diffused and homogeneous hyperechoic 
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Fig. 5. Ischemic nephropathy caused by microcirculation damage. Kidney coronal diam- 
eter is almost normal (10-10.5 cm) (a, b), with reduced and hyperechoic parenchymal 
thickness, sinus sclerolipomatosis (**) and simple acquired cysts (c, d). e, f RIs show values 
>0.80 bilaterally, indicating a marked damage of microcirculation. Ø = diameter. L = lon- 
gitudinal. 


aspect of renal cortex and medulla, often associated with sclerolipomatosis of the 
sinus and simple acquired cysts (fig. 5). 

At CD, there are no significant changes in main renal artery velocity flow that 
could indicate a stenosis. Velocimetric complexes show an important gap be- 
tween systolic and diastolic velocity with increased flow pulsatile component, 
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Fig. 6. Ischemic nephropathy with microcirculation involvement. Spectral curve in main 
renal artery (a, b) shows a marked gap between systolic and diastolic velocity (c, d). The 
increase of pulsatile flow, associated with a poor diastolic perfusion, is justified by the in- 
crease in stiffness and remodelling of small vessels. RRa = Renal right artery; LRa = left 
renal artery. 


which means a reduced diastolic perfusion. This gap is due to a widespread in- 
crease in stiffness and vascular resistances (fig. 6) [5]. 

In some cases, kidney’s morphology is almost normal and microcirculation 
involvement is revealed only by the increase of RIs values. Nephroangiosclero- 
sis, as main artery stenosis, can be associated with atheroembolism, which can 
be spontaneous or induced by endovascular manoeuvres or anticoagulants. Mi- 
gration of blood clots from atheromatous plaques in small parenchymal vessels 
causes acute kidney injury, which is often misdiagnosed. Atheroembolic disease 
contributes to chronic ischemic injury causing glomerular sclerohyalinosis and 
tubular atrophy. 

From a morphological point of view, B-Mode US shows no specific sign of 
atheroembolic disease. In high-risk patients, it is common to find severe ath- 
eromasia (hyperechoic fibro-lipid plaques) of the abdominal aorta and large 
vessels (fig. 7). In classical atheroembolic disease, kidneys have a normal 
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Fig. 7. Ischemic nephropathy with microcirculation involvement. B-Mode US does not 
show any specific sign of atheroembolic disease. In high-risk patients, a severe atheroma- 
sia of abdominal aorta or visceral vessels is common. a Transversal scan on the right com- 
mon carotid artery shows an intima-media thickening and iso/hyperechoic atheromatous 
plaques. b Longitudinal scan on common carotid artery highlights the presence of flat 
and vegetating hyperechoic plaques along the vessel near wall (*). c, d Parasagittal me- 
dian scan of the abdominal aorta: in both cases an atheromatous and aneurysmatic aorta 
is present. Ao = Aorta; * = anterior thrombosis; CC = common carotid artery; IJV = internal 
jugular vein. 


structure, parenchyma may be hypoechoic or finely hyperechoic and renal 
profiles can be irregular due to the presence of scars. Clinical suspicion is sug- 
gested by patient case history and must be confirmed with laboratory and 
perfusion CD studies with or without contrast (contrast-enhanced US). As in 
nephroangiosclerosis, spectral curve shows a marked gap between systolic and 
diastolic velocity. Atheroembolism must be suspected in an elderly atheroscle- 
rotic patient with a rapid decrease of renal function, RIs >0.75-0.80 and eo- 
sinophilia after endovascular manoeuvres or anticoagulant therapy. 
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Conclusion 


Vascular chronic diseases represent one of the leading causes of end-stage renal 


disease in incident dialysis patients. B-Mode US and CD have high sensitivity 


and specificity in the diagnosis of vascular chronic diseases. They should be, 


therefore, used to identify subjects in the high-risk population who are affected 


by stenosis of the main renal artery and to identify and characterize patients 


without RAS who have chronic ischemic nephropathy caused by nephroangio- 


sclerosis and/or atheroembolic disease. 
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Abstract 
In diabetes, kidneys' morphological changes are non-specific at ultrasound (US) and they 
vary according to disease stage. In the earlier stages, kidneys are enlarged and diffusely 
hypoechoic due to hyperfiltration. Kidneys size decreases only in advanced stages where- 
as renal cortical echogenicity progressively increases due to glomerulosclerosis. Nephro- 
megaly, as well as discrepancy between size and renal function, are typical features of 
diabetic nephropathy either in early or in advanced stages of the disease. Resistive in- 
dexes progressively increase together with serum creatinine levels and macro/microcir- 
culation damage. Chronic glomerulonephritis (CGN) is the third leading cause of chronic 
kidney disease and it represents the clinical evolution of a variety of primary or secondary 
glomerular diseases. Kidneys in CGN are gradually reduced in volume, but remain sym- 
metric, easily recognizable in renal space until the disease’s later stages. 

© 2016 S. Karger AG, Basel 


Kidney Damage in Diabetes Mellitus 


Diabetes mellitus (DM) type 1 and 2 accelerates atherosclerotic damage of renal 
macro/microcirculation, and it is responsible for an evolving focal glomerulo- 
sclerosis. Intercurrent diseases such as urinary tract infections, acute papillary 
necrosis or renal artery stenosis can also enhance kidney damage caused by dia- 
betes. 


RI = 0.50 


O inna taped ETIA | TEAN 


Bipolar coronal diameter = 12.4 cm b Bipolar coronal diameter = 12.4°cm 


Fig. 1. Kidney and diabetes. Male, aged 54 years, with glucose intolerance, mild microal- 
buminuria and glycated hemoglobin 11.9%. a Nephromegaly due to poor metabolic con- 
trol. b Renal hyperfiltration is demonstrated by low values of Rls (0.50-0.52). 


At B-mode ultrasound (US), kidneys’ structural aspect is non-specific and var- 
ies according to clinical conditions and disease stage. Kidney’s increased volume 
and discrepancy between this morphological parameter and renal function are the 
hallmark of all disease stages and types [1, 2]. In pre-diabetes stage, kidneys are 
commonly increased in volume (longitudinal diameter >12-13 cm) and diffusely 
hypoechoic (fig. 1) [3]. Bilateral nephromegaly (bipolar coronal diameter >12 cm) 
is related to poor metabolic control and may be associated with abnormal values 
of glycated hemoglobin. Resistive indexes (RIs) in pre-diabetes stage are often 
symmetrically reduced (<0.60), as they reflect kidney’s hyperfiltration (fig. 1). 

Diffused hypoechogenicity highlights parenchymal structure, and kidneys 
are easily recognizable if compared to other retroperitoneal surrounding struc- 
tures. Kidney profiles, urinary tract characteristics and morphology of the renal 
papillae may be altered by intercurrent episodes of pyelonephritis or acute pap- 
illary necrosis. During the acute phase (colic pain and infection), US reveals no 
specific signs of papillary necrosis. In later stages, US excludes the presence of 
stones and can highlight hydronephrosis with ureteral obstruction. In one-third 
of cases, detached necrotic papilla remains in the pelvis, near the medulla and 
the dilated calyces [4] (fig. 2). 

Nephromegaly is a morphological feature that characterizes diabetic ne- 
phropathy in all clinical conditions, even if morpho-functional discrepancy is 
less perceived in early stages than in advanced stages (fig. 3). In type-1 diabetes, 
the increase in volume correlates with the degree of albuminuria and this cor- 
relation becomes more significant as proteinuria increases [5]. 

The correlation between volume increase and albuminuria is also evident in 
type 2 diabetes [6]. In overt diabetic nephropathy, RIs increase when kidneys 
begin to decrease in volume and microalbuminuria appears [7]. In a study ona 
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Fig. 2. Kidney and diabetes. Female, aged 25 years, type 1 diabetes since the age of 10 
years, with right kidney multiple lithiasis associated with recurrent infections and treated 
with lithotomy. Normal renal function, no microalbuminuria. a Right kidney with pelvis’ 
hypotonia and RIs of 0.56. b, c Evidence of a superior polar cavitation with amorphous 
calcified material (amputated papilla secondary to papillary necrosis, confirmed at urog- 
raphy). d, e Inferior calyceal lithiasis. f Left nephromegaly with prominent lobulations with 
RIs of 0.62. 
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Fig. 3. Kidney and diabetes. Overt diabet- R 074 
ic nephropathy. Female, aged 68 years, | 
with 19 years of type 2 diabetes. Serum 
creatinine 4.3 mg/dl, creatinine clearance 
19 ml/min, proteinuria 2.4 g/day. 

(a, b) Nephromegaly and (c) V/t curve 
with an important gap between systolic > A 
and diastolic velocity due to increased mi- ¡me 
crocirculation resistance. Rls are 0.74. 


O TO 


large series of patients with overt diabetic nephropathy, Ishimura et al. [8] eval- 
uated the correlation between RIs values and intima-media thickness of the 
common carotid artery and of the superficial femoral artery, demonstrating a 
clear correlation between these parameters and the progression of vascular 
damage. 

Moreover, study population, stratified according to the value of serum cre- 
atinine (sCr), showed a progressive growth of RIs related to the disease’s stage. 
In patients with sCr >3.4 mg/dl (chronic kidney disease [CKD] stage 4) RIs were 
0.85 + 0.05, while in control patients RIs were 0.66 + 0.04. In patients with de- 
creased renal function (CKD 2,3) RIs values ranged from 0.69 + 0.05 to 0.74 + 
0.06 (fig. 4) [8]. When chronic structural alterations are evident, RIs still increase 
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Fig. 4. Diabetic nephropathy and intraparenchymal RIs. Intraparenchymal RI progression 
in right kidney (a, c, e) and left kidney (b, d, f) is related to the functional stage of diabetic 
nephropathy. Increased stiffness and microcirculation remodelling are pathological as- 
pects that affect systemic and renal circulation. Vascular bed reduction justifies the pro- 
gressive increase in pulsatile flow and, consequently, continuous diastolic flow is dis- 
persed in the Winkessel system. 
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Fig. 5. End-stage kidney caused by primary CGN. Kidneys' morphology in end-stage CGN 
is preserved until the later stages of CKD, despite the progressive volume reduction. End- 
stage kidneys due to mesangial proliferative glomerulonephritis (a), post-infectious glo- 
merulonephritis (b), IgA nephropathy (c) and focal sclerosis (d). 


showing a clear correlation with the decrease in glomerular filtration rate (GFR) 
and severity of systemic vascular damage. In this stage, main renal artery flow 
bilaterally acquires a pulsatile pattern, due to the irreversible increase in paren- 
chymal vascular impedance. 


Kidney Damage in Chronic Glomerulonephritis 


Chronic glomerulonephritis (CGN) is the third leading cause of CKD and it rep- 
resents the clinical evolution of many primary and secondary glomerular dis- 
eases. Kidneys in CGN are gradually reduced in volume, but remain symmetric, 
easily recognizable in renal space until the disease’s later stages (fig. 5). End- 
stage kidneys’ profiles are often unrecognizable and the structural aspect of pa- 
renchyma becomes indefinite and amorphous. This happens especially in the 
left side where, due to the lack of the acoustic liver window, kidney often 
becomes indistinguishable from peri/pararenal fat. Typically, normal respira- 
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Fig. 6. End-stage kidney caused by membranoproliferative glomerulonephritis. Pre-dial- 
ysis CKD stage 5. (a) Kidney shows a marked volume reduction, but profiles are relatively 
irregular. Parenchymal blushing at color Doppler (b) is still present and less compromised 
if compared with end-stage kidneys with vascular or tubulointerstitial damage. 


tory kidney movements, the presence of multiple small cysts and/or parenchy- 
mal nephrocalcinosis help to identify end-stage kidney. Rarely, hypoechoic peri- 
renal fat surrounding the end-stage kidney can simulate a perirenal collection. 
In CKD with nephrotic syndrome resistant to medical treatments, kidneys’ 
structure looks more like acute forms: kidneys are increased in volume, globular, 
with hypoechoic and edematous pyramids until the disease reaching the later 
stages or proteinuria is not spontaneously reduced. 

Color Doppler (CD) sampling shows a parallel behaviour, which means that 
it highlights a progressive impairment of parenchymal blushing as blood flow 
and GFR lower, although the reduction in perfusion is less severe than in other 
forms of parenchymal disease (fig. 6). In end stages, renal perfusion disappears 
or is not evident even with low pulse repetition frequency values. Main artery 
and interlobar vessels spectral waveform preserve low-resistance morphology 
until the end stages, even if it shows a progressive fall in amplitude and diastol- 
ic flow. RIs increase very slowly and they reach or exceed values of 0.70 only in 
end stages (fig. 7) [9]. This parameter, although non-specific, distinguishes CGN 
from vasculitis, nephrosclerosis and end-stage chronic interstitial nephropathy 
with or without reflux. From a pathophysiological point of view, the trend of RIs 
in CGN is justified by several conditions: (1) glomeruli that receive the great part 
of renal blood flow represent <10% of the total renal volume, (2) gradual ampu- 
tation of sclerotic glomeruli causes a short circuit of blood from the afferent ves- 
sel to the efferent artery and (3) primary glomerular diseases prevail in young 
and adults, or in people who have not yet undergone a dystrophic wall remodel- 
ling of microcirculation. In fact, in patients with CGN, RIs tend to decrease after 
administration of inhibitors of angiotensin 1 and 2 receptors and calcium chan- 
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Fig. 7. CGN and renal perfusion. Pre-dialysis CKD stage 5 secondary to proliferative CGN. 
Hypertension treated with ACE inhibitors. In CGN, Rls increase slowly and reach values of 
0.62 only in advanced stages (a, b). 


nel blockers. This happens even in diabetic nephropathy and in acute hyperten- 
sive nephrosclerosis, and it justifies the renoprotective action of renin-angioten- 
sin system inhibitors [10, 11]. These findings provide evidence that in CGN 
caused by glomerular damage, vasomotility and capacitance of renal microcir- 
culation are preserved despite the progression of glomerular injury. RIs reach 
higher values only in advanced disease stages, when glomerulosclerosis is associ- 
ated with a diffused interstitial and vascular fibrosis. 


Conclusion 


In diabetes, US and CD are useful in disease staging and clinical follow-up. US 
and CD features vary depending on disease stage. Nephromegaly and discrep- 
ancy between this morphological parameter and renal function are the hall- 
mark of all disease stages and types. RIs reflect kidney’s hyperfiltration in the 
early stages and then they increase in overt diabetic nephropathy. When chron- 
ic structural alterations are evident, RIs increase showing a clear correlation 
with the decrease in GFR and severity of systemic vascular damage. On the 
other hand, US and CD are useful in characterizing CGN because kidneys are 
gradually reduced in volume, but remain symmetric, easily recognizable in re- 
nal space until the disease’s later stages. CD sampling highlights a progressive 
parenchymal blushing impairment as blood flow and GFR lower, although the 
reduction in perfusion is less severe than in any other form of parenchymal 
disease. 
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Abstract 

Secondary nephropathies can be associated with disreactive immunological disorders or 
with a non-inflammatory glomerular damage. In systemic lupus erythematosus (SLE), 
scleroderma and rheumatoid arthritis as in other connective tissue diseases, kidney vol- 
ume and cortex echogenicity are the parameters that best correlate with clinical severity 
of the disease, even if the morphological aspect is generally non-specific. Doppler studies 
in SLE document the correlation between resistance indexes (RIs) values and renal func- 
tion. Acquired immunodeficiency syndrome (HIV) causes different types of renal damage. 
At ultrasound (US), kidneys have almost a normal volume, while during superinfection 
they enlarge (coronal diameter >13 cm) and become globular, loosing their normal as- 
pect. Cortex appears highly hyperechoic, uniform or patchy. Microcalcifications of renal 
cortex and medulla are a US sign that can suggest HIV. In amyloidosis, kidneys appear 
normal or increased in volume in the early stages of disease. Renal cortex is diffusely hy- 
perechoic and pyramids can show normal size and morphology, but more often they ap- 
pear poorly defined and hyperechoic. Rls are very high since the early stages of the disease. 
Nephromegaly with normal kidney shape is the first sign of lymphoma or multiple my- 
eloma. In systemic vasculitis, renal cortex is diffusely hyperechoic, while pyramids appear 
hypoechoic and globular due to interstitial edema. When vasculitis determines advanced 
chronic kidney disease stages, kidneys show no specific signs. Microcirculation damage is 
highlighted by increased RIs values >0.70 in the chronic phase. © 2016 S. Karger AG, Basel 


Fig. 1. Chronic interstitial nephropathy associated with Sjogren’s syndrome. Female, 
aged 82 years with a 30-year history of Sjogren’s disease. Serum creatinine 2.2 mg/dl, CKD 
stage 4. End-stage right kidney. Left kidney: longitudinal diameter 11 cm, duplicated col- 
lecting and arterial system. a Parenchyma is diffusely hyperechoic and corticomedullar 
differentiation is lost. Presence of multiple hyperechoic medullary and cortical spots. 
b Intraparenchymal RIs of 0.64. No evidence of renal artery stenosis. K = Kidney. 


Secondary Nephropathies 


Secondary nephropathies can be associated with disreactive immunological dis- 
orders (systemic lupus erythematosus [SLE], bacterial endocarditis, chronic B or 
C hepatitis, acquired immunodeficiency syndrome [HIV] infection) or with a 
non-inflammatory glomerular damage (amyloidosis, Hodgkin’s disease, HIV 
infection, heroin toxicity, drug toxicity, neoplasms). 


Immunological Secondary Glomerulonephritis 


In SLE, scleroderma and rheumatoid arthritis as in other connective tissue dis- 
eases, kidney volume and cortex echogenicity are the parameters that best cor- 
relate with clinical severity of the disease, even if the morphological aspect is 
generally non-specific and does not allow characterizing the histological damage 
(fig. 1) [1]. Doppler studies in SLE document the correlation between resistance 
indexes (RIs) values and renal function but they are not useful to characterize 
the stages of lupus nephritis (fig. 2) [2]. 

HIV causes different types of renal damage [3]. The most severe forms of 
proteinuria or nephrotic syndrome occur in blacks and the histological damage 
is a focal collapsing glomerulosclerosis HIV related or, more rarely, a membra- 
nous/membranous proliferative glomerulonephritis or a minimal change dis- 
ease. Immunodeficiency and CD4 deficit may cause chronic kidney damage by 
favouring opportunistic infections (histoplasmosis, Pneumocystis carinii, 
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Fig. 2. Lupus nephritis stage 2. Mesangial glomerulonephritis type 2b. Mesangial damage 
due to deposition of immunoglobulins prevails in this stage, associated with microangi- 
opathy with ischemic and thrombotic sclerosis. Kidney appears well perfused (a). Renal 
volume is normal, corticomedullar profiles are poorly defined and there is a widespread 
hypoechogenicity (b). The absence of vasculitis is demonstrated by low Rls values in both 
kidneys (c, d). 


intracellular Mycobacterium avium, fungal infections, etc.). Chronic damage 
can be induced by a chronic interstitial nephritis induced by highly active anti- 
retroviral drugs (tenofovir, indinavir) or by antibacterial drugs used for the 
treatment of opportunistic infections (amphotericin, cotrimoxazole). A lym- 
phoma or a Kaposi's sarcoma can injure kidneys, although the latter is located 
mostly in the lower urinary tract. Finally, antiretroviral drugs can cause a vascu- 
lar damage (renal artery stenosis, hemolytic uremic syndrome, acute renal fail- 
ure), which determines a chronic renal damage. 

At ultrasound (US), kidneys have almost a normal volume, while in 20% of 
cases (often during superinfection) they enlarge (coronal diameter >13 cm) and 
become globular, loosing their normal aspect [4, 5]. In 89% of cases, cortex ap- 
pears highly hyperechoic, uniform or patchy, similar to that of the renal sinus 
and more hyperechoic than the liver [6]. Some authors suggest that uniform or 
patchy hyperechogenicity and the loss of the parenchymal differentiation 
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associated with an increase in volume are strongly suggestive of HIV-related 
nephropathy, even if there is no correlation between the degree of hyperecho- 
genicity and renal damage [7]. Sometimes, cortical damage is associated with a 
pielo-ureteral wall thickening. Nevertheless, this sign is sometimes evident even 
in upper urinary tract infections and in acute tubular necrosis but, in any case, 
pielo-ureteral wall thickening and cortical widespread hyperechogenicity should 
suggest the possibility of an HIV nephropathy [8]. 50% of patients with HIV 
show an apparent reduction of renal sinus fat due to the presence of edema more 
than to the real reduction in adipose tissue [9]. Dense and diffuse microcalcifi- 
cations of renal cortex and medulla are a US sign that can suggest HIV. This 
structural finding is common in HIV patients with a superimposed infection 
with Mycobacterium avium, Pneumocystis carinii or histoplasmosis [4]. In pa- 
tients with active disease, renal bacterial and fungal infections may occur. Pa- 
tients with HIV also have a very high risk of renal lymphoma [4]. 


Non-Inflammatory Glomerular Damage 


Amyloidosis is a thesaurismosis characterized by the deposition of insoluble fi- 
brillar proteinaceous material in the extracellular matrix. The name amyloid 
comes from a mistaken identification of the substance as starch based on crude 
iodine-staining techniques. Fibrils have a variable chemical composition; they 
are identified by apple-green birefringence when stained with congo red and 
seen under polarized light. The outermost part of amyloid (95% of the sub- 
stance) comes from a specific protein, while a globular glycoprotein of the base- 
ment membranes (P amyloid) forms the core. Disease may be systemic or local- 
ized, and it is classified according to the amyloid chemical structure [10]. Mac- 
roscopically, amyloid appears albumoid, smooth and translucent, like hyaline 
substance. Spleen, kidney, heart, brain, liver and gastrointestinal tract are the 
organs that can be affected by amyloidosis. From a clinical point of view, amy- 
loidosis can be primary or idiopathic (not associated with other medical condi- 
tions), familiar and, finally, secondary to chronic inflammatory diseases or can- 
cer. Systemic idiopathic amyloidosis or amyloidosis associated with multiple 
myeloma are the most common forms of amyloidosis and they are characterized 
by the deposition of light chains k and A (AL amyloid), followed by secondary 
inflammatory/reactive amyloidosis characterized by deposition of amyloid AA. 
This form of amyloidosis is associated with aging, chronic infectious diseases 
(tuberculosis, bronchiectasis, osteomyelitis, leprosy), inflammatory diseases 
(rheumatoid arthritis, granulomatous ileitis), Hodgkin’s disease, other cancers 
and familial Mediterranean fever. The third type of amyloidosis (familiar forms 
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Fig. 3. Kidney amyloidosis. Male, aged 54 years, with light chain myeloma (A chains), ne- 
phrotic proteinuria (2.6 g/day) and preserved renal function (serum creatinine 1-1.2 mg/ 
dl). Histological diagnosis: amyloidosis. Periumbilical fat biopsy showed a positive result 
with alkaline Congo red staining. a, b Kidneys have a normal volume, but they appear hy- 
perechoic. Corticomedullary feature is altered and medulla is diffusely hyperechoic. 
c, d Unlike in nephrotic syndrome due to minimal changes disease, membranous or mem- 
brane proliferative glomerulonephritis, pyramids are not hypoechoic. Parenchymal per- 
fusion is preserved but Rls are very high (0.85). K = Kidney; L = liver, S = spleen. 


not associated with other diseases) is characterized by neuropathy, nephropathy 
and cardiac disease. Altogether, these forms represent about 85% of cases of 
amyloidosis. All of them are characterized by glomerular deposition of amyloid 
substance that causes a progressive renal sclerosis. 

At US, kidneys appear normal or increased in volume in the early stages of dis- 
ease, when renal function is preserved and only proteinuria is present. Renal cor- 
tex is diffusely hyperechoic due to amyloid deposits and pyramids can show nor- 
mal size and morphology, but more often they appear poorly defined and hyper- 
echoic (fig. 3). Sometimes, heterogeneous, hypoechoic and edematous pyramids 
can accompany hyperechoic cortex. This is less common and occurs in systemic 
amyloidosis associated with nephrotic syndrome (approximately 5% of patients 
with rheumatoid arthritis) [11]. According to disease duration and severity, kid- 
neys may be reduced in volume and they become small and sclerotic. Structural 
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kidney features in advanced stages become indistinguishable from other forms of 
CKD, when glomerular and interstitial sclerosis with tubular atrophy prevails. RIs 
are very high since the early stages of the disease (>0.75-0.80) (fig. 3). 

Lymphoma involves the kidney in 2-6% of cases because of a diffuse lympho- 
cytic infiltration of the interstitium, a secondary glomerulopathy, a urinary tract 
obstruction or a toxic action of chemotherapy. Minimal change disease is the 
most common glomerulopathy (fig. 4), while focal and segmental glomerulo- 
sclerosis, membranous glomerulonephritis and mesangial proliferative ne- 
phropathy are observed more rarely. All forms of renal involvement may lead to 
end-stage CKD. Primitive renal lymphoma is very rare (1% of cases), because 
kidneys’ lymphomatous infiltration is usually an extranodal location of system- 
ic non-Hodgkin’s lymphoma [12]. Renal involvement may be unilateral or bi- 
lateral, focal, multifocal, diffuse or associated with a perirenal lymphomatous 
mass. In nephrology, the most interesting form is the less common one, that is, 
the Burkitt’s lymphoma and acute lymphoblastic leukemia infiltrative form. 
Nephromegaly with normal kidney shape is the first sign of renal lymphocytic 
interstitial infiltration. At US, the presence of irregular and diffused hypoechoic 
parenchymal areas and, sometimes, the loss of normal sinus echogenicity may 
suggest the diagnosis of lymphoma. In some cases, kidney’s infiltration is so 
widespread that it destroys the parenchyma, so kidney at US appears as a large 
amorphous, hypoechoic and poorly perfused mass [13]. 

Patients refer to clinicians because of acute kidney injury resulting from the 
destruction of the normal renal architecture, especially if the disease affects both 
kidneys. In these cases, contrast-enhanced CT, despite the fall in GFR, is pivotal 
to asses disease staging and to document structural kidney alterations (inhomo- 
geneous enhancement, loss of normal structural pattern between cortex and 
medulla, infiltration of renal sinus, compression and dislocation of the excre- 
tory system) [14]. In any case, the presence of atypical lymphocytes at cytology 
or histology confirms the diagnosis, because in normal kidneys lymphocytes are 
not present. Differential diagnosis of infiltrating and diffused lymphomas must 
consider other diseases such as invasive transitional cell carcinoma of the pelvis 
or medullar ducts and severe pyelonephritis if fever is present. 

In multiple myeloma, as in other lymphoproliferative disorders, renal in- 
volvement may appear with proteinuria, nephrotic syndrome and/or acute or 
chronic renal failure. Kidney damage in myeloma is due to the abnormal prolif- 
eration of plasma cells and to the presence of circulating paraproteins and/or 
light chains. Light chains easily pass through the glomerular filter so they are 
reabsorbed and metabolized in the proximal tubule. The exceeding light 
chains saturate the reabsorption mechanism; they damage renal tubules, favour 
cylinders’ formation and can be deposited in the glomerulus. Therefore, renal 
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Fig. 4. Minimal change glomerulonephritis associated with systemic non-Hodgkin lym- 
phoma. Male, aged 73 years with anemia, asthenia, nephrotic syndrome and retroperito- 
neal and perirenal right lymphoadenopathy. Serum creatinine 1.0 mg/dl, proteinuria 17 
g/day, anasarcatic state. a, b Longitudinal paramedian right scan that shows a hypereco- 
ic liver with right lobe diameter of 14.8 cm and coarse and multiple confluent lymphoad- 
enopathy in the hilar region, paracaval and perirenal space (c). d Splenomegaly (longitu- 
dinal diameter >18 cm) with perisplenic effusion (red arrow). e, f Kidneys are increased in 
volume, with hyperechoic pyramids. Small and diffused hypoechoic lesions are present 
into the renal parenchyma (red arrowhead) and they are related to cellular infiltration. Ar- 
row = Renal cyst; L = liver; S = spleen; K = right kidney; g = gallbladder; * = lymphoade- 
nopathy; IVC = inferior vena cava. 
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Fig. 5. Kidney and mixed cryoglobulinemia. Cryoglobulinemic nephropathy is a vasculitis 
commonly related to Hepatitis C virus infection. Histological renal feature reflects a mem- 
brane-proliferative glomerulonephritis. a Kidneys are increased in volume, hyperechoic, 
with more or less irregular pyramids. Kidneys’ aspect is associated with chronic hepatop- 
athy, portal hypertension and splenomegaly. If nephrotic syndrome is present, pleural 
and abdominal effusion can be evidenced (b). * = Effusion in the Morrison’s space; ** = 
pleural effusion; L = liver; K = kidney. 


involvement in myeloma (myeloma kidney) may be due to tubular obstruction 
and tubular lesions caused by light chains (cast nephropathy), to paraprotein glo- 
merular deposition (AL amyloidosis disease and light chain nephropathy) or, 
finally, to chronic interstitial damage caused by hypercalcemia, hyperuricemia, 
dehydration, drug toxicity and iodinated contrast [15]. At US, kidney volume 
and cortical echogenicity are the parameters that best correlate with clinical se- 
verity, as in other chronic diseases, but morphological features are generally non- 
specific and do not define the type of damage; so renal biopsy is needed [16]. 
Renal involvement during systemic vasculitis is very common. The term ‘vas- 
culitis’ includes polyarteritis nodosa, Wegener’s granulomatosis with polyangiitis, 
micropolyarteritis, Churg-Strauss syndrome, Burger’s disease, Behcet’s syn- 
drome, arteritis of Takayasu and hypersensitivity vasculitis (Henoch-Schonlein 
purpura, mixed cryoglobulinemia) [17]. The most common clinical renal mani- 
festations of vasculitis are acute renal failure and blood hypertension due to renal 
ischemia induced by activation of the renin-angiotensin system. In any case, mor- 
phological renal features are non-specific at US, either in acute or in chronic dam- 
age, so renal biopsy is mandatory. In acute phase, the most important US sign is 
the morpho-functional discrepancy, that is, renal coronal diameters and paren- 
chymal thickness (16-18 mm) are normal while renal function is impaired (fig. 5). 
Renal cortex is diffusely hyperechoic, while pyramids appear hypoechoic and 
globular due to interstitial edema, as in other acute kidney diseases. In some situ- 
ations, diffuse hyperechoic parenchyma with loss of parenchymal differentiation 
can prevail. In some rare cases, renal morphology can be completely normal. 
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Fig. 6. Kidney and mixed cryoglobulinemia. Progression to end stage CKD is uncommon. 
Female, aged 67 years, with a membranoproliferative glomerulonephritis diagnosed 
9 years before. Serum creatinine 2.1 mg/dl, creatinine clearance 27 ml/min, proteinuria 
1.6 g/day. a, b Kidneys are reduced in volume (longitudinal diameter 8.4 and 8.5 cm), un- 
structured, with irregular profiles and hyperechoic parenchyma. e Intraparenchymal RIs 
are uniformly increased (0.72), except in the left mesorenal segment where the presence 
of a scar (d) is associated with RI of 0.83. LØ = Longitudinal diameter. 


When vasculitis determines advanced CKD stages, kidneys show non-specific 
signs: they can appear normal or reduced with a diffuse hyperechoic aspect (fig. 6). 
As in all forms of vasculitis, the anatomical damage affects not only glomerular 
capillaries but also renal microcirculation with deposition of complement and im- 
munoglobulins thrombi. This justifies the widespread and marked RIs values dur- 
ing the acute phase (>0.75-0.80). In the chronic phase, RIs are typically >0.70. 


Conclusion 
Disreactive immunological disorders or non-inflammatory glomerular damage 


lead to secondary nephropathies. At US kidneys may appear normal or increased 
in volume in the early stages of disease and renal cortex may be hyperechoic if 
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cell infiltration prevails or diffusely hypoechoic if edema prevails. RIs can be ei- 
ther high since the first stages of the disease (e.g., in amyloidosis, vasculitis) or 
they can increase as renal function impairs (e.g., in SLE). In any case, evaluation 
of renal morphology at B-mode US and vascular conditions at CD may be useful 
in first level diagnosis and in clinical follow-up of secondary chronic parenchy- 
mal diseases if they are associated with clinical patient history and biochemical 
parameters. 
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Abstract 

Chronic tubulointerstitial diseases are a common final pathway toward chronic renal fail- 
ure regardless the primary damage (glomerular, vascular or directly the tubulointersti- 
tium). Chronic tubulointerstitial nephritis (CTN) is characterized by interstitial scarring, 
fibrosis and tubule atrophy, resulting in progressive chronic kidney disease. Most frequent 
causes of CTN are drugs, heavy metals, obstructive uropathy, nephrolithiasis, reflux dis- 
ease, immunologic diseases, neoplasia, ischemia, metabolic diseases, genetics and miscel- 
laneous. At ultrasound (US), kidneys’ morphological aspect is similar in all forms of chron- 
ic interstitial nephropathy and only chronic pyelonephritis with or without reflux shows 
distinguishing characteristics. In interstitial nephropathy, kidneys’ profiles are finely ir- 
regular and corticomedullary differentiation is altered because of a diffused hyperecho- 
genicity. The only indirect sign of chronic interstitial damage can be derived from the 
value of intrarenal resistive indexes that hardly overcome 0.75. US is mandatory in clinical 
chronic pyelonephritis work-up because it provides information on kidney’s diameter and 
on growth nomogram in children. Renal profiles can be more or less altered depending 
on the number of cortical scars and the presence of pseudonodular areas of segmental 
compensatory hypertrophy. In the early stages, US diagnosis of renal tuberculosis is dif- 
ficult because parenchymal lesions are non-specific. US sensitivity in the diagnosis of hy- 
dronephrosis is very high, close to 100% and, finally, US is the first choice imaging tech- 
nique in the diagnosis of urinary lithiasis. © 2016 S. Karger AG, Basel 


Chronic Tubulointerstitial Nephritis 


Drug reactions (71-92% of cases) and infections are the most common causes 
of chronic tubulointerstitial nephritis (CTN). Anatomical damage is similar re- 
gardless the cause of interstitial damage. The most important histologic signs are 
interstitial fibrosis, lympho-monocyte’s infiltration, tubules dilation with cell 
atrophy and basement membrane thickening. During the acute phase, glomer- 
uli are not involved but in chronic damage a periglomerular fibrosis leading to 
segmental sclerosis and scleroatrophy is present. Instead, small arteries and ar- 
terioles show a different degree of fibrointimal thickening. Therefore, edema 
and lympho-monocyte’s infiltration characterize acute interstitial nephropathy 
while fibrosis and tubular damage are the hallmarks of chronic interstitial dam- 
age. Clinical manifestations of renal damage (fall of glomerular filtration rate 
[GFR], mild proteinuria, hematuria, proximal or distal tubular acidosis, urine 
concentration disorders, mild hyperuricemia, anemia, high blood pressure) are 
associated with symptoms related to primary disease. In a series of patients with 
CTN, at the time of diagnosis creatinine clearance was <50 ml/min in 75% of 
cases and <15 ml/min in 33% of cases [1]. This means that in most cases, patients 
are referred to nephrologist and undergo ultrasound (US) examination when 
kidneys are already reduced in volume and diffusely hyperechoic. 

As in all other causes of chronic kidney disease (CKD), the role of US var- 
ies depending on clinical context in this case also. US is commonly required 
to complete histological diagnosis performed during the acute phase of a 
chronic disease or to assess renal morphology of an unknown chronic disease 
in which clinical history and biochemical parameters suggest CTN. Kidneys’ 
morphological aspect is similar in all forms of CTN and only chronic pyelo- 
nephritis with or without reflux shows distinguishing characteristics. In inter- 
stitial nephropathy, kidneys’ profiles are finely irregular and corticomedullary 
differentiation is altered because of a diffused hyperechogenicity. These struc- 
tural aspects are non-specific and do not allow to distinguish between inter- 
stitial chronic nephropathy due to analgesic abuse and any primitive or sec- 
ondary interstitial damage (sarcoidosis, multiple myeloma, uric acid, lead, 
cadmium, lithium or hypopotassemia). US diagnosis of interstitial damage 
becomes even more difficult if kidneys’ morphological analysis is performed 
by a non-nephrologist with little knowledge in clinical and laboratory data. In 
this case, the only US parameters that are routinely evaluated, that is, kidney 
volume, cortical and medullar echogenicity and urinary tract status, will lead 
to a non-specific report. The only indirect sign of chronic interstitial damage 
can be derived from the value of intrarenal resistive indexes (RIs) that hardly 
overcome 0.75. 
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Analgesic nephropathy is the most common cause of CTN, especially in 
women with a history of dysmenorrhea, headache and non-specific joint pain 
who routinely use non-steroidal anti-inflammatory drugs. It is mandatory to 
diagnose this form of CKD, because the progression of CKD to end-stage renal 
disease (ESRD) slows or stops if drug administration is interrupted. Patients 
with analgesic nephropathy are often referred to nephrologist because of noctu- 
ria, hypertension and fall of GFR. It is very common to find also urothelial tu- 
mors. Histological damage is non-specific and shows the typical features of a 
chronic interstitial nephritis, sometimes associated with papillary necrosis. At 
US, kidneys show a reduced volume, with irregular profiles and lost corticome- 
dullary differentiation. Commonly, both kidneys show a diffuse hyperechoic 
aspect that affects cortex and renal pyramids. Hyperechoic plaques secondary to 
fibrosis and microcalcifications at the apex of renal papillae can be very useful 
to diagnose tubulointerstitial damage secondary to analgesics. Papillary necrosis 
is more evident with contrast-enhanced CT, although this technique is contra- 
indicated in patients with impaired renal function [2]. Endemic Balkan ne- 
phropathy is a CTN of Balkan areas with an unknown etiology. Calcium me- 
tabolism disturbances and, more rarely, the presence of granulomatous lesions 
are responsible of tubulointerstitial damage in sarcoidosis nephropathy. A total 
of 10-15% of patients with sarcoidosis show, in fact, hypercalcemic hypercalci- 
uria that determines tubular disorders, reduces GFR and favors nephrocalcino- 
sis or kidney stones. US signs of nephrocalcinosis and/or kidney stones get over- 
lapped with non-specific signs of interstitial involvement. 

Chronic interstitial damage in myeloma may be due to clogging of renal tu- 
bular lumens with plugs (casts) containing ‘light chains’ (‘cast nephropathy’) or 
to hypercalcemia, nephrocalcinosis and/or hyperuricemia. Kidneys’ aspect var- 
ies depending on which factor has determined renal damage. In cast nephropa- 
thy, kidneys are hypoechoic, with normal or increased volume, depending on 
edema and tubular damage. When glomerular deposition of amyloid prevails, 
kidneys appear normal or increased in volume and diffusely hyperechoic, while 
in hypercalcemic and/or hyperuricemic chronic forms, cortex is diffusely hyper- 
echoic and medulla can be either hyperechoic (due to uric acid or calcium salts 
deposition), or hypoechoic with a hyperechoic edge due to nephrocalcinosis. 
Tumor lysis syndrome is a known cause of acute kidney injury (AKI), because it 
determines severe hyperuricemia. On the contrary, not all authors agree to con- 
sider this disorder as a cause of chronic interstitial disease (gouty nephropathy 
or chronic uric acid nephropathy) (fig. 1). 

Chronic interstitial uric acid deposition accelerates kidney damage but at US 
it does not show characteristic morphological signs. Even chronic inherited or 
acquired hypokalemia can cause chronic interstitial nephropathy. Hypokalemic 
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Fig. 1. Uric acid nephropathy associated with cardio renal syndrome type 2. Male, aged 
57 years, with biventricular failure of previous anterior STEMI. Clinical history of gout, hy- 
peruricemia and uric acid lithiasis. Serum creatinine 3.4 mg/dl, GFR 22 ml/min. a Cardio- 
renal syndrome type 2: post-infarction dilated cardiomyopathy with signs of right over- 
load. b Both kidneys are reduced in volume (longitudinal diameter 9 cm) with reduced 
cortical thickness, hyperechoic pyramids and few acquired cysts. Right kidney pyramids 
show a nephrocalcinosis secondary to hyperuricuria. Ascites (*) and pleural effusion (**) 
(c). d Dilated and rigid Inferior Vena Cava (white arrows). e Central suprahepatic vein 
overload. RA = Right atrium; RV = right ventricle; LA = left atrium; LV = left ventricle; L = 
liver; IVC = inferior vena cava. 
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nephropathy is characterized by renal loss of potassium, normal blood pressure 
and high urinary excretion of renin, aldosterone and prostaglandin E. At US, 
kidneys show a widespread hyperechogenicity of cortex and renal pyramids edg- 
es, as in early nephrocalcinosis. US features do not have a clear correspondence 
with histological damage, characterized by the presence of vacuoles with unde- 
fined content in proximal convoluted tubule cells. Hyperoxaluria may be either 
inherited or acquired. Intratubular precipitation of calcium oxalate causes fibro- 
sis, tubular atrophy and kidney function impairment. At US, kidneys with oxa- 
losis are reduced in volume with a thin corticomedullary thickness. Loss of pa- 
renchymal differentiation and high cortical and medullar hyperechogenicity are 
determined by fibrosis and nephrocalcinosis. Hyperechoic microspots and mi- 
croaggregates along the corticomedullary junction and medulla are very com- 
mon structural aspects [3]. 

Lead nephropathy is an occupational disease caused by prolonged lead expo- 
sure. Proximal tubular cells of renal tubules absorb lead. In children, lead causes 
interstitial nephropathy with isolated tubular defects or Fanconi syndrome. In 
adults, however, lead causes CKD with interstitial fibrosis, tubular atrophy and 
nephrosclerosis associated with hyperuricemia, gout and high blood pressure 
(fig. 2). The lack of a sensitive and specific diagnostic test, except the lead urine 
dosage after 2 doses of EDTA (ethylene diamine tetra-acetic acid) justifies the 
common delay in diagnosis. At US, kidneys’ aspect is non-specific as in cadmi- 
um nephropathy, an occupational disease of foundry workers, or in lithium and 
mercury nephropathy. Radiation nephropathy is a chronic interstitial nephrop- 
athy that sub-clinically manifests with GFR reduction, severe hypertension and 
mild proteinuria in patients undergoing radiotherapy >23 gray without protec- 
tive screens. Sonographic appearance of fibrotic kidneys is amorphous, although 
sometimes it can be associated with mild urinary tract dilation, secondary to 
retroperitoneal actinic fibrosis. 

Kidney with chronic pyelonephritis shows more specific characteristics than 
that of chronic interstitial nephropathy. The prevalence of chronic pyelonephri- 
tis is not well known. In the USA transplants register, the frequency of chronic 
pyelonephritis as a cause of ESRD is 13%. Parenchymal scar is the primary lesion 
of chronic pyelonephritis, that is, an irregular retraction of kidney profile that 
may or may not be associated with dilation, deformity and corticalization of ca- 
lyces below (fig. 3). Only vesicoureteral reflux (VUR), obstructive uropathy, 
papillary necrosis secondary to analgesics or atypical papillary necrosis due to 
dehydration or sickle cell disease can lead to a morphological feature similar to 
pyelonephritic kidney. Only in a small number of patients, cortical scars and 
calyceal deformities may be evident even in the absence of such conditions or 
without any bacterial infection. Therefore, chronic pyelonephritis can be divid- 
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Fig. 2. Chronic Lead Tubulointerstitial Ne- 
phropathy. Male, aged 29 years, with neu- 
rosensory hypoacusis, cardiac and muscle 
glycogenose and stage 3 CKD associated 
with proteinuria <1 g/day. Histological di- 
agnosis of focal segmental glomerulone- 
phritis and lead poisoning at the age of 
23. a, b Kidneys are well shaped and have 
normal profiles. Coronal diameter is 9.5- 
10 cm. Parenchymal structure is altered 
and hyperechoic with multiple acquired 
cysts (white arrows). No evidence of papil- 
lary or pyramidal calcifications. The mor- 
phological aspect is compatible with a 
chronic interstitial nephropathy but RIs 
are very low (0.53) (c). 


ed into 3 types: (1) chronic pyelonephritis with reflux (reflux nephropathy), (2) 
chronic pyelonephritis with obstruction (obstructive nephropathy) and (3) 
chronic idiopathic pyelonephritis. 

US is mandatory in clinical chronic pyelonephritis work-up because it pro- 
vides information on kidney’s diameter and on growth nomogram in children. 
Renal profiles can be more or less altered depending on the number of cortical 
scars (triangular hyperechoic areas) and the presence of pseudonodular areas of 
segmental compensatory hypertrophy [4]. Pseudo-nodular parenchyma looks 
like a pseudomass; so differential diagnosis with contrast-enhanced US (CEUS) 
is needed to exclude the presence of a tumor. Scars are poorly or non-vascular- 
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Fig. 3. Chronic reflux pyelonephritis. Female, aged 58 years. Serum creatinine 1.3 mg/dl, 
GFR 48 ml/min. Cystourethroplasty at the age of 30 years. a Left renal parenchyma disrup- 
tion with scars and corticalization of medial and inferior calyces. b Upper pole residual 
parenchyma with RI of 0.68. P = Pelvis; c = calyces. 


ized, and RIs are high. On the contrary, in hypertrophic areas, renal vessels show 
the normal radial distribution and RIs are normal or slightly elevated. In end 
stage, pyelonephritic kidney is small, shrunk and shows a hyperechoic unstruc- 
tured parenchyma; so it becomes impossible to distinguish the renal sinus from 
the parenchyma. 

Post-primary tuberculosis (TB) mainly affects lungs and genitourinary tract. 
Renal parenchyma, urinary tract (ureter and bladder) and genital system (testis, 
seminal tract) are renal TB targets. Cortical tubercle is the primary lesion of uro- 
genital tuberculosis, due to blood borne infection. The miliary tubercles formed 
subsequent to blood borne infection begin to spread, resulting in caseous cavi- 
tary necrosis. Necrotic caseous material is released into the medulla, thus gen- 
erating cold abscesses that join the papillo-calyceal junction. Debris containing 
tubercle bacilli are consequently discharged into the ureter; so inflammatory 
process ends but fibrosis and calyceal stenosis/amputation become prevalent. 
Mastic kidney shows parenchymal cavitations mixed with calcifications and fi- 
brosis areas [5]. In the early stages, US diagnosis of renal TB is difficult because 
parenchymal lesions are non-specific. Cavitations appear as confluent and ir- 
regular cystic-like lesions, closed or opened into the urinary tract (calyces, pel- 
vis). In these cases, urinary tract is hypotonic and dilated and shows a thickened 
urothelium, sometimes with calcifications. These structural aspects need a dif- 
ferential diagnosis with urothelioma or other infectious forms. Normally, 
opened tubercular cavitations are associated with multiple calcifications and ir- 
regular parenchymal scars that alter kidney’s profile. Sometimes, kidney shows 
only non-specific signs. In these cases, diagnosis of urinary TB is suggested by 
ureter hypotonia associated with microbladder in a patient with a non-specific 
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urinary tract infection with fever and acid pyuria. Less frequently, TB is diag- 
nosed after the evidence of complex lesions affecting testis, epididymis and vas 
deferens. Mastic kidney does not show a different aspect from pyelonephritic or 
a xanthogranulomatous kidney and diagnosis must be confirmed with CT or 
MRI [6]. 


Non-Inflammatory Tubulointerstitial Diseases 


Reflux Nephropathy 

The term ‘reflux nephropathy’ highlights the primary role of VUR in the patho- 
genesis of chronic pyelonephritis. In 1981, the International Reflux Study Com- 
mittee proposed a 5 grades classification of VUR [7]. In VUR grade I, voiding 
cystography (or cystoscintigraphy/cystography with CEUS) shows a post-void 
reflux in the lumbar ureter. In VUR grade II reflux interests all the pyelocali- 
ceal system, with no dilation. In VUR grade III and IV, pyelocaliceal and ure- 
teral dilation appears and worsens. In these stages, calyces are corticalized, pa- 
renchymal thickness is reduced and renal profiles are altered. In severe and 
chronic grade V reflux, imaging techniques show corticalization of calyces with 
an important reduction of parenchymal thickness. Globular pelvis is followed 
by a dilated and tortuous ureter, while calyces show thickened walls and a 
clubbed morphology (fig. 4) [8]. In younger patients, urinary infections are the 
most common complication of reflux and cause a progressive loss of GFR until 
ESRD. 


Obstructive Nephropathy 

CKD secondary to obstruction is called chronic obstructive nephropathy. Ste- 
nosis may involve the pelvis (ureteropelvic junction stenosis, lithiasis, tumors), 
the ureter (lithiasis, tumors, ab extrinseco compression) or the lower urinary 
tract (bladder, prostate and urethra). Urine flow is hindered by mechanical ob- 
struction, thus leading to a progressive renal damage also due to increased hy- 
drostatic pressure in the urinary tract. Kidney shows a gross dilation/ballooning 
of the renal pelvis in severe hydronephrosis with a complete parenchymal loss. 
Severe hydronephrosis can affect only intrarenal calyces and pelvis or may ex- 
tend to the ureter with a coexistent bladder stasis in case of a lower urinary tract 
stenosis. In severe hydronephrosis, renal pelvis is anechoic and calyces appear 
dilated, clubbed, anechoic and corticalized, while the ureter is dilated and tortu- 
ous along its whole length. US sensitivity in the diagnosis of hydronephrosis is 
very high, close to 100% [9]. In hydropyonephrosis, pyelocaliceal cavities are 
heterogeneous due to the presence of purulent corpuscular material, mixed with 
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Fig. 4. Chronic reflux nephropathy. Bilateral VUR treated with cystourethroplasty. a, b Kid- 
neys show segmental scars (arrowhead) with corticalization of calyces and mild dilation 
of the excretory system (*). Normal parenchymal segments appear hyperechoic. e Dis- 
tended bladder shows regular walls. Ureteral opening is normal but the pre-mural tract 
and pelvic ureter are dilated (red arrow). d Intraparenchymal RIs are not increased. L = 
Liver; S = spleen; p = pelvis; B = bladder; U = ureter; c = calyx. 


hyperechoic bridles. Typically, hydropyonephrosis may be associated with stru- 
vite stones or with xanthogranulomatous pyelonephritis. 

US is the first choice imaging technique in the diagnosis of urinary lithiasis 
[10]. At B-Mode imaging, calcium, uric acid or cystine stones appear as hyper- 
echoic concretions located in the urinary tract with a posterior acoustic shad- 
owing. The posterior acoustic shadowing is a useful artifact, and if it is present 
in all scans, it represents a sure sign of lithiasis. Struvite calculi represent 15- 
20% of kidney stones. Struvite calculi are commonly staghorn and they repro- 
duce the pelvis and urinary tract form (fig. 5). For this reason, US is not able 
to characterize the entire calculus but it shows only the presence of hyperecho- 
ic separate fragments into the pelvis and in the major and minor papillae. Stag- 
horn calculi are frequently associated with simple or infected hydronephrosis. 
Calculi can be formed more rarely in the lumen of calyceal diverticula or into 
an ureterocele. Benign prostatic hyperplasia can cause bladder stones in men. 
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Fig. 5. Chronic obstructive nephropathy secondary to lithiasis. Chronic obstructive ne- 
phropathy of the right kidney due to staghorn lithiasis treated with laparoscopic lithola- 
paxy. Acute post-treatment hematoma with acute renal failure. a Left kidney with pyelic 
hypotonia (*). b Right kidney is disrupted with reduced parenchymal thickness. latrogen- 
ic parenchymal hematoma appears as a pseudo-nodular hypoechoic mass (*), not vascu- 
larized, that occupies the entire renal sinus. Multiple lithiasis (arrowhead). e Color Doppler 
shows a small amount of vascularized parenchyma in the inferior polar region. The hypo- 
tonic urinary tract is difficult to recognize with US and contains stones of 7 and 9 mm (ar- 
rowhead). d Right renal vein and (e) artery are well perfused. f Small incidentaloma of the 
right adrenal gland (white arrow). L = Liver; S = spleen; Ao = aorta; R = right kidney; k = 
kidney. 
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Fig. 6. Chronic obstructive nephropathy secondary to lithiasis. In end-stage CKD, the 
presence of staghorn (a), cystine (b) or other type of lithiasis may or may not be associ- 
ated with hydronephrosis. In reported cases, the kidney is reduced in volume, unstruc- 
tured, with multiple lithiasis (arrowhead) in the non-dilated urinary tract. 


As the prostate enlarges, it can compress the urethra and interrupt urine flow, 
causing urine to remain in the bladder. Also bladder muscle disorders (para- 
plegia, neurogenic bladder) or chronic immobilization can cause bladder 
stones. Actually, US multifrequency probes have a spatial resolution that can 
detect calculi with diameter >4.5 mm. Smaller calculi generate hyperechoic 
spots without posterior acoustic shadowing. Color Doppler confirms the cal- 
cific component of calculi showing the ‘twinkling artifact’ [11]. Therefore, it is 
a conceptual mistake to report the term ‘kidney sand’ in the diagnostic conclu- 
sions. Calculi in major and minor calyces can be easily localized, even when 
calculi are small. The diagnosis in these cases is easier if lithiasis is associated 
with hydrocalyces, while it becomes difficult in the absence of dilation of the 
urinary tract, if the calculus is in the pelvis or it has been moved into the ureter 
after a reno-ureteral colic. In fact, US sensitivity in the diagnosis of renal li- 
thiasis is very high (95%), while in ureteral lithiasis is reduced to 30-35% [12, 
13]. If pyelectasis is absent, pelvic small calculi can be movable or masked by 
sinus hyperechogenicity. Acoustic posterior shadowing can be masked by 
multiple sinus interfaces or by the air into the colic flexure. Colic air can also 
mask solitary ureteral calculus stone fragments after extracorporeal shock 
wave lithotripsy (stein-Strasse). Ureteral calculi blocked into the ureterovesi- 
cal junction are well evident. So, the ureter segment between iliac vessels and 
ureterovesical junction is the most difficult part to study with US. In chronic 
obstructive disease secondary to lithiasis, kidney is reduced in volume and pa- 
renchymal thickness becomes progressively thinner and disrupted. In end 
stages, obstruction may be associated or not with hydronephrosis, despite the 
origin of calculi (fig. 6). 
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Conclusion 


At US, kidneys’ morphological aspect is similar in all forms of chronic interstitial 
nephropathy and only chronic pyelonephritis with or without reflux shows dis- 
tinguishing characteristics. In interstitial nephropathy, kidney profiles are fine- 
ly irregular and corticomedullary differentiation is diffusely hyperechoic. The 
only indirect sign of chronic interstitial damage is that RI hardly overcomes 0.75. 
In early stages, US diagnosis of renal tuberculosis is difficult because parenchy- 
mal lesions are non-specific. US sensitivity in hydronephrosis is close to 100% 
and, finally, US is the first choice imaging technique in the diagnosis of urinary 


lithiasis. 
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Abstract 

Cysts are frequently found in chronic kidney disease (CKD) and they have a different prog- 
nostic significance depending on the clinical context. Simple solitary parenchymal cysts 
and peripelvic cysts are very common and they have no clinical significance. At US, simple 
cyst appears as a round anechoic pouch with regular and thin profiles. On the other hand, 
hereditary polycystic disease is a frequent cause of CKD in children and adults. Autosomal 
dominant polycystic kidney disease (ADPKD) and autosomal recessive polycystic kidney 
disease (ARPKD) are the best known cystic hereditary diseases. ADPKD and ARPKD show 
a diffused cystic degeneration with cysts of different diameters derived from tubular epi- 
thelium. Medullary cystic disease may be associated with tubular defects, acidosis and 
lithiasis and can lead to CKD. Acquired cystic kidney disease, finally, is secondary to pro- 
gressive structural end-stage kidney remodelling and may be associated with renal cell 
carcinoma. O 2016 S. Karger AG, Basel 


Introduction 


All cystic kidney diseases have a primary benign lesion in common - the cyst — 
which is a serous fluid-filled sac (fig. 1). The pathogenesis of simple cysts is un- 
known. On the contrary, hereditary and congenital cysts pathogenesis is due to 
gene mutations that alter the function of proteins needed for the integrity of 
tubular epithelium primary cilia [1, 2]. 

Ultrasound (US) imaging is very sensitive and specific in the diagnosis of 
kidney cysts (fig. 1) and it is pivotal in the active surveillance of complex cysts 
and inherited/congenital diseases. 


Fig. 1. Renal simple cyst. Simple parenchymal cyst is an expansive round lesion, a serous 
fluid-filled sac. It may grow in the parenchyma or toward the extrarenal space. Cystic liq- 
uid is limpid, citrine and a layer of fibrous connective tissue coated on the luminal side by 
a thin layer of thin and regular epithelial cells constitutes the walls. a Transverse scans on 
right kidney hilum. Simple cysts with smooth walls and anechoic content (*). Slight rain 
artifact of the near wall. Posterior acoustic enhancement has been smoothed to show the 
inferior vena cava. The lateral acoustic cone is accentuated by the relationships between 
cystic convex surface and right colon content. b Coronal scan of left kidney. Simple pa- 
renchymal exophytic cyst of the lower pole (*) and small peripelvic cyst (arrow). K and k= 
Kidney. 


Simple and Peripelvic Cysts 


At US, simple cyst appears as a round anechoic pouch with regular and thin pro- 
files. Fluid content and curved profiles generate 2 useful artifacts for differential 
diagnosis of cysts (fig. 1): (1) the posterior acoustic enhancement on the distal 
wall, which is generated by reflection of the slightly attenuated US beam and (2) 
the lateral acoustic cones resulting from the attenuation/refraction of incident 
US beam on the cyst convex edge. 

Cyst wall remodelling secondary to bleeding or infection requires careful dif- 
ferential diagnosis with cystic renal cell carcinoma (RCC), which accounts for 
10% of all kidney tumours. Bosniak classification of cysts, based on CT with 
contrast medium [3], states that simple cyst appears as a fluid-filled expansive 
lesion (Bosniak Class I) (fig. 2). Rarely the cyst has a complex structure, charac- 
terized by the presence of small and thin endocystic septa and/or non-enhanced 
microcalcifications (Bosniak Class II) (fig. 2). 

At US, cysts in class I-II show the same structural characteristics, they are 
benign lesions and do not require active surveillance. When cyst wall or septa 
appear thicker and show irregular calcifications, the probability of a cystic car- 
cinoma is near 50% of cases, in particular, if there is contrast medium enhance- 
ment (Bosniak Class III) (fig. 2). 


Clinical Scenarios in CKD: Cystic Renal Diseases 121 


Contrib Nephrol. Basel, Karger, 2016, vol 188, pp 120-130 (DOI: 10.1159/000445474) 


a L 4.38 a 


Fig. 2. Bosniak classification of cysts. a Class | renal cyst of the left renal pole. Class | cysts 
have thin and regular walls, without no septa, wall thickening or calcifications. At con- 
trast-enhanced CT, they are not enhanced with contrast media. Class | cysts do not require 
monitoring or treatment. b Class Il renal cyst with an intracystic septum and a small linear 
calcification. Class Il cysts are benign, well defined, but they have some rare septa with 
thickness <1 mm or some linear calcifications. At CT, there is no enhancement of walls or 
septa. ¢ Class IIF renal cyst. These cysts contain a greater number of thickened septa. Walls 
are thickened but regular, without enhancement. The image shows a complex cyst with 
multiple septa and structured content (arrow). d Class Ill cyst. Cysts have multiple thick- 
ened septa, wall plaques or nodules and multiple calcifications. The percentage of malig- 
nancy is ~54%. The image shows a complex cyst with thickened and irregular walls, hypo 
and hyperechoic tissue bridles, mixed with parietal calcification (arrowhead). 


Cysts with a diameter >3 cm, especially if they show a hemorrhagic content 
and a structure classified Bosniak II or III, are grouped in class IIF (F = follow- 
up). In other words, these complex lesions need a 6-month/annual monitor- 
ing (fig. 2). If cystic wall or septa thickening show a solid or nodular appear- 
ance with irregular calcifications, this cyst is included in Bosniak Class IV 
because this complex lesion is almost a carcinoma. Second harmonic US im- 
aging, spatial composite imaging and color Doppler have significantly im- 
proved the US sensitivity in the classification of cysts [4], although the differ- 
ential diagnosis of complex cysts requires the use of contrast-enhanced US [5, 
6]. 
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Peripelvic cysts are lymphatic collections into the renal sinus (fig. 1). Some- 
times, in children they may be associated with dilated intra- and perirenal lym- 
phatic vessels, thus determining lymphangiectasia or parapelvic lymphangi- 
omatosis [7]. Peripelvic cysts are common in adults and they are often multiple, 
bilateral and not confluent. Sometimes, a cluster of peripelvic cysts can occupy 
the entire renal sinus. They are almost asymptomatic but they can cause hema- 
turia, compression/hydronephrosis and hypertension [8]. Differential diagnosis 
between hydronephrosis and peripelvic cysts is based on specific signs: (1) 
peripelvic cysts are not communicating lesions; (2) in hydronephrosis there is 
an evident communication between calyces, pelvis and ureter; (3) peripelvic 
cysts have irregular profiles and very variable size; (4) dilated calyces appear 
regular and rounded with an evident relationship with renal papilla which ap- 
pears flattened [9]. 


Hereditary Cystic Diseases 


Autosomal dominant polycystic kidney disease (ADPKD) and autosomal reces- 
sive polycystic kidney disease (ARPKD) are the best known cystic hereditary 
diseases. ADPKD and ARPKD show a diffuse cystic degeneration with cysts of 
different diameters derived from tubular epithelium. ADPKD is caused by mu- 
tations in PKD1 and PKD2 genes encoding PC-1 and PC-2 complex proteins, 
which are cilium and intercellular junction glycoproteins. All typical cases of 
ARPKD are due to mutations of the PKHD1 gene in a single locus, coding for 
fibrocystin/polyductin. Inheritance modalities, clinical presentation and type of 
kidney damage reflect the different pathogenesis of ADPKD and ARPKD. Au- 
tosomal dominant medullary cystic kidney disease (ADMCKD) is a dominant 
hereditary tubulointerstitial disease caused by mutations in the gene encoding 
uromodulin or Tamm -Horsfall protein. Nephrocystin is a protein involved in 
the organization of apical junctions and in the control of epithelial cell polarity. 
Nephrocystin dysfunction due to an autosomal recessive defect leads to medul- 
lary nephronophthisis (NPH). 


Polycystic Disease in Adults and Children 
ADPKD is the most frequent hereditary cystic disease (5% of the dialysis popu- 
lation) and its clinical manifestations appear between 30 and 50 years [10]. All 


imaging techniques are sensitive in the diagnosis of ADPKD, but second level 
imaging also play a critical role in the evaluation of complications and of disease 
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Fig. 3. ADPKD. a Early stages. The image shows cysts of different diameter with parenchy- 
mal thickness almost present. b In advanced stages, renal parenchyma is completely re- 
placed by cysts that favour functional impairment due to obstructive and ischemic phe- 
nomena. Kidney volume is increased and cystic degeneration does not allow defining 
renal morphology as kidney occupies the left abdominal space until the pelvic cavity. 


progression following medical treatments (e.g., sirolymus or vaptans). US is the 
first level imaging, but it is not very sensitive in measuring the coronal diameter 
of an increased kidney and in the identification of cysts Ø <5 mm. Thus, US is 
not always able to reveal the first signs of a polycystic disease [11]. ADPKD di- 
agnostic criteria are based on detection of cysts in one or both kidneys. In order 
to suspect ADPKD, there must be at least 2 cysts evident in each kidney if patient 
is aged between 30 and 59, and at least 4 cysts in each kidney after 60 years. [12]. 

Polycystic kidney structure varies according to the severity and stage of the 
disease (fig. 3). In the first stages, kidneys are increased in volume (longitudinal 
diameter >13 cm) and there is a widespread presence of cysts with different di- 
ameter in the medulla and cortex. Parenchyma between the cysts is hyperechoic 
and full of microspots due to reflection phenomenon of microscopic developing 
cysts. At colour Doppler, kidneys show a progressive microvascular rarefaction 
while larger vessels run in residual parenchyma septa. In early stages, resistive 
indexes (RIs) are not high due to the intra-renal blood flow redistribution. RIs 
are significantly increased only in end pre-dialytic stages and in dialysis patients. 
Cysts diameter and morphology vary depending on compression and involutive 
phenomena. Disease progression is more rapid when small diameter cysts (<3 
cm) prevail, although severity of renal damage, as well as clinical manifestations, 
varies in the same family line and in different families. 

Cystic bleeding is commonly accompanied by back pain (fig. 4) and some- 
times by hematuria and clots. Back pain may be absent if bleeding is slight; so 
this complication is detected only by US which highlights a corpuscular and 
hyperechoic content in complicated cysts. If there is an important intracystic 
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Fig. 4. ADPKD and intracystic bleeding. The sudden onset of lower back pain indicates 
that intracystic bleeding has caused a sudden distension of cystic walls. a Intracystic hem- 
orrhage in patient treated with warfarin after cardiac valve replacement. Cyst diameter is 
>19 cm. b Cyst with clot with no signs of color Doppler perfusion. c, d Microcalcification 
in an organized clot with twinkling artifact. Absence of vascular perfusion. e, f Organized 
clot with calcified protein matrix (arrow) (small and high magnification). 


bleeding, cysts volume quickly increases thus causing lower back pain. Intra- 
cystic blood forms a clot that generates intermediate level echoes, which can 
stratify until filling cystic cavitiy. Clot retraction makes the cyst become a com- 
plex mass with irregular vacuoles bounded by hyperechoic septa and bridles 
adherent to the wall and filled with corpuscular material and debris (fig. 4). Clot 
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debris are absorbed very slowly so the cyst appears as a complex mass for sev- 
eral months. In these cases, a differential diagnosis between complex cyst and 
cystic carcinoma is needed. Unlike bleeding, cyst rupture is a very rare event 
[13]. 

Hypertension is present in 75% of cases, almost occurring before any signifi- 
cant reduction in renal function, with an average age onset of 30 years. Left ven- 
tricle hypertrophy tends to develop even earlier in patients with ADPKD and it 
is well evident in subxiphoid scans [14]. Abdominal aortic aneurysm is less fre- 
quent than cerebral aneurysm of Willis circle, which occurs in 4-10% of patients 
and undergoes rupture in 25% of cases [15]. Liver cysts of different diameter are 
very common (75% of cases) and they are widespread in both lobes. As renal 
cysts, they are silent but can become symptomatic for bleeding, rupture or infec- 
tion. Sometimes, as a result of an excessive growth that compresses the dia- 
phragm, they can cause dyspnea, orthopnea, early satiety, vomiting, rib fracture, 
uterine prolapse and abdominal hernias. If liver cysts compress biliary tract and 
portal and systemic venous vessels, they can cause jaundice, portal hypertension, 
hepatic/caval vein thrombosis or Budd Chiari syndrome. Lithiasis is a rare com- 
plication in ADPKD, which is induced by a reduced citrate excretion and cystic 
compression on the urinary tract [16]. 

ARPKD diagnosis is often prenatal. US with high-resolution probes shows an 
increased volume of fetal kidneys which appear hyperechoic, with multiple cor- 
tical and medullary microcysts and without corticomedullary differentiation 
[17]. Renal cortex, in particular, appears hyperechoic due to the high number of 
acoustic interfaces generated between microcysts around collecting tubules [17]. 
ARPKD differential diagnosis can be difficult if renal involvement is slight, be- 
cause kidney size is normal and hyperechogenicity is not accompanied by the 
presence of cysts. During the pre- and perinatal period, cysts increase in number 
and size. 

When hepatic fibrosis prevails, liver is increased in volume for widespread 
steatofibrosis associated with intrahepatic bile ducts dilation, as in bile duct 
atresia or Caroli’s disease. Periportal fibrosis causes portal hypertension, re- 
duced portal flow volume, portal vein and splenorenal/mesenteric axis ectasia, 
splenomegaly, splenic peri-hilar varicosity and antropyloric region wall thick- 
ening due to varicose veins. Few studies have evaluated the long-term follow- 
up of ARPKD due to the low survival of these patients, but they show that 
liver parenchyma echogenicity remains stable and cysts number does not 
grow [18]. In late referral with hepatic failure and portal hypertension, kid- 
neys may be normal or enlarged because of bilateral multiple cysts that simu- 
late ADPKD. In these patients, a liver biopsy is needed for differential diag- 
nosis. 
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Medullary Cystic Disease 


Medullary cystic disease (ADMCKD) isa rare congenital tubulointerstitial disease 
associated with multiple medullary cysts almost located along the corticomedul- 
lary junction. It is an autosomal dominant disease with heterogeneous clinical 
manifestations and age of onset. Progression to CKD stage 5 generally occurs in 
patients aged around 50 years. This large clinical variability makes it very difficult 
to differentiate ADMCKD from other diseases as NPH or medullary sponge kid- 
ney [1, 19]. Molecular cytogenetic studies have defined 2 different forms of AD- 
MCKD: (1) type 1, caused by a MCKD1 gene mutation on chromosome 1 encod- 
ing an unknown protein; (2) type 2, linked to the MCKD2 gene mutation on chro- 
mosome 16 encoding uromodulin or Tamm -Horsfall protein. 

ADMCKD diagnosis is primarily based on clinical signs and family history. 
US diagnosis is based on the presence of small diameter junctional medullary 
cysts. This US finding supports the clinical suspicion but diagnosis remains un- 
determined without tubular function assessment and DNA sequencing. B-Mode 
US can highlight either normal renal volume and morphology or small kidneys 
with multiple cysts with a diameter (<3 cm) in the corticomedullary junction. 
Renal parenchyma may be normal or diffusely hyperechoic as in interstitial dis- 
eases, with widespread small microspots (fig. 5). MRI should be recommended 
when US is not conclusive [20]. 

NPH is due to a disorder of fibrocystin function, a protein of primary cilia 
[21]. Unlike ADMCKD, NPH is an autosomal recessive hereditary disorder that 
leads to end-stage renal disease during adolescence. DNA sequencing of pa- 
tients and families with NPH has allowed the discovery of 8 mutations of genes 
encoding nephrocystin. These mutations cause ciliary dysfunction and favour 
the genesis of small medullary cysts (often absent in the early stages of the dis- 
ease); so NPH can be confused with acquired cystic kidney disease (ACKD). 
Papillary microcalcifications secondary to distal tubular acidosis are very fre- 
quent in NPH. They are small calcium phosphate concretions in Bellini dilated 
ducts. Papillary microcalcifications can appear as renal stones with twinkling 
and posterior shadowing. Involvement of renal papillae may be unilateral, bi- 
lateral, segmental or diffuse. In US, renal papillae structural aspect is highly 
variable; it may appear normal with hypoechoic homogeneous structure if com- 
pared to the cortex or it may show an irregular structure with microvacuoles. 
Renal papilla features are not easily distinguishable with low frequency probes 
(3.5 MHz); so they must be searched using high frequencies (8 MHz) and coro- 
nal sided scans in order to reduce kidneys depth in US field of view. 

ADMCKD most common form (interstitial fibrosis and tubular basement 
membrane thickening) is often confused with NPH. The main differences between 
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Fig. 5. ADMCKD. US can show a normal renal morphology or deformity of pyramids and pa- 
pillae. a, b Medulla appears disrupted, and hypoechoic with papillary microcalcifications 
(Randall's plaques) and some rare medullary microcysts. c Doppler sampling shows normal 
RIs. d In some cases, ADMCKD morphological feature is that of nephrocalcinosis with lithiasis. 


NPH and ADMCKD are (1) inheritance patterns, (2) age of onset and (3) faster 
progression to end-stage renal disease in NPH [22]. Differential diagnosis be- 
tween NPH and ADMCKD is based on medical history, medullary cysts localiza- 
tion and size, absence of nephrocalcinosis and presence of calcified plaques. 


Acquired Cystic Disease 


ACKD results from structural end-stage kidney rearrangement and it is char- 
acterized by the presence of several small cysts without a positive history of 
hereditary/congenital cystic diseases [23]. Both end-stage kidneys are affected 
by ACKD, regardless the glomerulus tubular or ischemic origin of CKD. When 
GFR is 30-40 ml/min, ACKD is almost characterized by the presence of small 
parenchymal cysts (fig. 6) [24]. Patients with ACKD need a careful follow-up 
during dialysis and in the post-transplant period, because immunosuppressive 
therapy may be another risk factor for the onset of cancer on native kidneys. 
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Fig. 6. ACKD. Cysts develop when glomerular filtration rate is reduced <40 ml/min and 
cystic degeneration progresses until end-stage renal disease. Cysts are almost small, non- 
confluent and have an anechoic content. In some dialysis patients, cystic degeneration 
can be so important that ACKD becomes indistinguishable from ADPKD. a-d In this case, 
the number of cysts is high and kidneys are increased in volume. Unlike ADPKD, cysts have 
a uniform diameter and are almost small (diameter <2 cm). 


Conclusion 


Cysts are frequently found in CKD and they may be simple solitary parenchymal 
cysts with no clinical significance or secondary to inherited diseases as ADPKD, 
ARPKD and ADMCKD. At US, simple cyst appears as a round anechoic pouch 
with regular and thin profiles, while in ADPKD and ARPKD kidneys show a dif- 
fuse cystic degeneration with cysts of different diameters. US evaluation of cysts 
is very sensitive and specific, and it allows classifying them into simple or com- 
plex cysts. This classification leads to second level imaging evaluation or to US 
follow-up. In ACKD, finally, US is useful not only in disease diagnosis and fol- 
low-up but also in the early detection of most severe complications, such as 
RCC. 
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Abstract 

Acquired cystic kidney disease (ACKD) and renal cell carcinoma (RCC) are the most impor- 
tant manifestations of end-stage kidneys’ structural changes. ACKD is caused by kidney 
damage or scarring and it is characterized by the presence of small, multiple cortical and 
medullary cysts filled with a fluid similar to preurine. ACKD prevalence varies according 
to predialysis and dialysis age and its pathogenesis is unknown, although it is stated that 
progressive destruction of renal tissue induces hypertrophy/compensatory hyperplasia 
of residual nephrons and may trigger the degenerative process. ACKD is almost asymp- 
tomatic, but it can lead to several complications (bleeding, rupture, infections, RCC). Ul- 
trasound (US) is the first level imaging technique in ACKD, because of its sensitivity and 
reliability. The most serious complication of ACKD is RCC, which is stimulated by the same 
growth factors and proto-oncogenes that lead to the genesis of cysts. Two different his- 
tological types of RCC have been identified: (1) REC associated with ACKD and (2) papillary 
renal clear cell carcinoma. Tumors in end-stage kidneys are mainly small, multifocal and 
bilateral, with a papillary structure and a low degree of malignancy. At US, RCC appears 
as a small inhomogeneous nodule (<3 cm), clearly outlined from the renal profile and hy- 
poechoic if compared with sclerotic parenchyma. In some cases, tumor appears as a ho- 
mogeneous and hyperechoic multifocal mass. The most specific US sign of a small tumor 
in end-stage kidney is the important arterial vascularization, in contrast with renal paren- 
chymal vascular sclerosis. © 2016 S. Karger AG, Basel 


Acquired Cystic Kidney Disease 


Epidemiology 

Acquired cystic kidney disease (ACKD) is caused by kidney damage or scar- 
ring. ACKD is characterized by the presence of small, multiple cortical and 
medullary cysts (at least 3 in each kidney), filled with a fluid similar to preu- 
rine (fig. 1). ACKD in chronic dialysis patients has been reported for the first 
time in the 1970s [1]. In the following years, several studies have confirmed 
the first observations and have also demonstrated the relationship between 
ACKD and renal cell carcinoma (RCC) [2]. Cysts begin to form when glo- 
merular filtration rate (GFR) is <30-40 ml/min; so, approximately 8-22% of 
patients with chronic kidney disease (CKD) have ACKD before starting dialy- 
sis [3]. In dialysis, ACKD prevalence varies according to dialytic age [4] and 
it affects 13%, 50% and 87% of patients after 2, 6 and 9 years of dialysis, re- 
spectively, and almost 100% of patients after 10 years [5]. ACKD progression 
slows after 10-15 years of dialysis. ACKD is less common in peritoneal pa- 
tients and regresses after transplantation [6]. However, many native kidneys 
continue to form cysts after renal transplantation if renal function remains 
impaired. ACKD is more common in men (prevalence 3:1) and does not cor- 
relate with age, race, dialysis technique and CKD etiology [7]. At autopsy, 
kidneys appear structureless, reduced in volume and contain many cysts of 
different diameter. At histology, cyst wall is made of a single layer of epithe- 
lial cubic or flattened cells and, in 60% of cases, it shows hyperplastic and dys- 
plastic degeneration with proliferative papillary or adeno-papillary aspects [1, 
5]. Cysts almost contain a turbid liquid chemically similar to preurine often 
mixed with calcium oxalate crystals, blood catabolites, cytokines and growth 
factors. Atypical epithelial cell clusters, low-grade malignant carcinomatous 
cells or isolated benign epithelial cells can be depicted in the sediment of com- 
plicated or complex cysts [8]. 


Pathogenesis of ACKD 

ACKD pathogenesis is unknown, although it is stated that progressive destruc- 
tion of renal tissue induces hypertrophy/compensatory hyperplasia of residual 
nephrons and may trigger the degenerative process. Pathogenetic mechanisms 
responsible of cysts formation are (1) tubular obstruction, (2) expression of 
growth factors and proto-oncogenes and (3) ischemia. The first hypothesis is 
that tubular obstruction, caused by precipitation of crystals of calcium oxalate 
and interstitial fibrosis, favors cysts formation. Intracystic fluid accumulation 
would result from residual glomerular filtration and tubular secretion. The sec- 
ond hypothesis is that hypertrophy/hyperplasia of tubular epithelium (activated 
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Fig. 1. Kidneys’ structural changes in end 
stage renal disease. The presence of small, 
multiple, cortical and medullary fluid- 
filled cysts (at least 3 in each kidney) char- 
acterizes the ACKD (a-c). Sometimes, only 
the presence of cysts helps to identify an 
atrophic kidney, often poorly recogniz- 
able in the retroperitoneum (white ar- 
rows). L = Liver. 


by mitogenic factors such as electrolyte imbalance and decreased excretion of 
H+) leads to an increased expression of growth factors and activation of proto- 
oncogenes as c-ERB,. Growth factors may favor the formation of cysts in asso- 
ciation with an increased transepithelial secretion supported by increased levels 
of PTH and other factors such as secretin, vasoactive intestinal peptide and high 
levels of vasopressin [3, 4, 7]. Ischemic hypothesis is derived from the observa- 
tion that clinical ACKD is a common occurrence in end-stage ischemic ne- 
phropathy secondary to main artery stenosis and/or nephroangiosclerosis. Cysts 
development is induced by tubular cells necrosis, tubular obstruction, acidosis 
and release of cytokines and growth factors, even when renal artery obstruction 
is secondary to end-stage renal disease [9]. 
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Clinical Signs and Complications 

ACKD is almost asymptomatic but it can lead to several complications. In 15% 
of cases, bleeding or rupture of one or more cysts may complicate ACKD. This 
event causes intense sharp flank pain and may be associated with hematuria. 
The rupture of one or more cysts can lead to a perirenal or retroperitoneal 
spontaneous hematoma and, when bleeding is severe, it can cause a hypovole- 
mic shock (Wunderlich syndrome). Dystrophic cystic calcifications are almost 
consequent to parietal remodelling secondary to bleeding. Infection that leads 
to renal/pararenal abscess with sepsis is a rare complication. It is even rarer to 
diagnose erythrocytosis due to erythropoietin hypersecretion in ACKD pa- 
tients. Exceptionally, the finding of metastatic RCC represents the onset of 
ACKD. 

The risk of RCC is over 40 times higher in end-stage ACKD than it is in gen- 
eral population and it represents the most severe complication. The prevalence 
of RCC in native kidneys after transplantation is approximately 5%, in ACKD 
hemodialysis patients is about 19% and in patients with complex cysts is 54%. 
Papillary carcinoma is the most common histological type in ACKD. Tumor is 
multicentric in at least 50% of cases and bilateral in 10% of cases [10]. 


Imaging 

Ultrasound (US) is the first level imaging technique in ACKD, because of its 
sensitivity and reliability. At US, kidneys appear structureless and hyperecho- 
ic with irregular profiles. Small parenchymal cysts <3 cm are diffused in both 
kidneys (fig. 2). Sometimes, after long dialytic periods, acquired cystic degen- 
eration is so massive that it is difficult to differentiate ACKD from polycystic 
disease [4]. The most important differential criteria are the absence of inheri- 
tance and family history of cystic disease and, vice versa, a history of renal pa- 
renchymal disease. Morphological parameters that allow the differential diag- 
nosis between ACKD and polycystic kidney disease (PKD) are kidney size and 
the absence of cysts in other organs such as liver, pancreas and ovary. In PKD, 
parenchyma is unrecognizable because of cystic massive degeneration. The 
number of renal cysts is so high that is impossible to count them and kidney is 
so increased in volume that it occupies the lumbar fossa, the pelvis and the 
median retroperitoneum. In ACKD, kidneys are small, structureless, with 
small parenchymal residues and a small number of cysts. Sometimes, cysts 
may have a complex morphology or a corpuscular/partially solid content. Dif- 
ferential diagnosis between small complex cysts and small adenomas can be 
very difficult because of partial volume artifact. In any case, from a clinical 
point of view, the problem should not be overestimated. In fact, most post- 
mortem histological examinations confirm the association between ACKD 
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Fig. 2. Kidneys’ structural changes in end-stage renal disease. a-e Cysts number, distribu- 
tion and morphology (*) are variable and depend on the time of uremia. Typically the di- 
ameter is <2-3 cm. f Calcifications (white arrow) or nephrocalcinosis can be present in 
ACKD. 


and abnormal proliferative lesions within the cysts in about 60% of patients, 
without any evidence of cancer [1]. However, it is important to identify larger 
solid lesions, which can be a malignant neoplasm. In summary, ACKD diag- 
nosis during predialysis is easy to perform because (1) cysts are few, (2) cysts 
develop as CKD progresses, (3) renal parenchyma between cysts shows a nor- 
mal structure and (4) patient’s clinical history does not reveal any hereditary/ 
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RENE. SX left kidney 


Fig. 3. ACKD and RCC. RCC in ACKD often appears as an exophytic, solid, hyperechoic and 
small nodule. Therefore it can be easily misdiagnosed in the context of an atrophic kidney 
(a). Color Doppler sampling shows a rich vascularization (b), incompatible with typical 
sclerofibrosis of residual renal parenchyma, thus helping the diagnosis of RCC. 


congenital cystic disease, but it highlights a chronic parenchymal disease. In 
dialysis patients, ACKD can rapidly worsen and the kidney structure that has 
already been altered by chronic parenchymal disease is almost represented by 
multiple cysts <3 cm. There can be so many cysts that it becomes difficult to 
differentiate ACKD from adult dominant PKD. Clinical and family history al- 
lows an immediate differential diagnosis. 

At color Doppler, cysts show no signs of wall perfusion. The presence of a 
perfused solid nodule in the context of an end-stage kidney is an almost indica- 
tive sign of malignancy (fig. 3). In these cases, contrast-enhanced ultrasound 
(CEUS) imaging should be performed before contrast-enhanced computed to- 
mography (CT) and magnetic resonance imaging (MRI). In current clinical 
practice, CT and MRI are used for follow-up and for complications, while US is 
extensively used for screening of dialysis patients. US is indicated in the screen- 
ing of complex cysts because it is more sensitive than CT without contrast media 
as small hemorrhagic cysts appear to be iso-dense or slightly hyperdense [11, 
12]. CEUS is very useful in differential diagnosis although there are few specific 
studies. MRI may instead be very useful in differentiating infected or bleeding 
cysts from cystic kidney cancer [13]. ACKD complications are bleeding, infec- 
tion, ureteral stones and kidney tumors. Intracystic bleeding is common and it 
is asymptomatic in approximately 50% of patients [14]. Severe bleeding with 
cyst rupture may instead cause a perirenal or retroperitoneal severe hematoma. 

ACKD patients require a careful follow-up either in dialysis or in the post- 
transplant period when immunosuppressive therapy may be another risk factor 
for the onset of cancer on native kidneys. After transplantation, the prevalence 
of cancer in native kidneys is approximately 5%, in hemodialysis ACKD patients 
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Fig. 4. Patient with kidney transplant and RCC of native kidney. Male, aged 73 years, with 
a histological diagnosis of interstitial nephropathy, in hemodialysis from 1995 to 1997. 
Kidney transplant in 1997. In 2012, serum creatinine was 3.2 mg/dl and creatinine clear- 
ance 19 ml/min. a The right native kidney shows a small isoechoic nodule well outlined 
from the lower renal pole. b Color Doppler shows a rich vascularization within the nodule, 
while the renal atrophic parenchyma is not vascularized. 


is 19% and in patients with complex cysts is 54%. These data suggest that trans- 
planted patients need an accurate follow-up once a year in order to exclude neo- 
plasms in native kidneys [15]. The 5-year survival after diagnosis of renal cancer 
is comparable with that observed in the general population [16]. 


Renal Cell Carcinoma 


Prevalence and Physiopathology 

The most serious complication of ACKD is RCC, which is stimulated by the 
same growth factors and proto-oncogenes that lead to the genesis of cysts. It af- 
fects 5% of dialysis patients [17], is more common in men (prevalence 7:1) and 
can develop even after transplant. Two different histological types of RCC have 
been identified: (1) RCC associated with ACKD and (2) papillary renal clear cell 
carcinoma. RCC associated with ACKD shows a more aggressive histology; it 
requires surgery, but itis a rare cause of death in dialysis patients. The prevalence 
of RCC requires annual monitoring in patients undergoing transplantation and 
in dialysis patients. In transplanted patients, native kidney tumors have a more 
aggressive behavior and can metastasize because of immunosuppressive therapy 
(fig. 4) [18]. Cancer is one of the leading causes of long-term mortality in trans- 
planted patients [19]. Therefore, despite the low prevalence and the reduced risk 
of RCC due to the use of new immunosuppressive drugs, some authors propose 
an active surveillance of native kidneys in pre-transplant or transplanted pa- 
tients [15]. 
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Several studies have compared the biological characteristics of sporadic kid- 
ney cancer and of cancer in end-stage kidneys with ACKD. Tumors in end-stage 
kidneys are mainly small, multifocal and bilateral, with a papillary structure and 
a low degree of malignancy. In addition, they are less aggressive and have a sur- 
vival rate at 5 years greater than sporadic tumors. These data, nevertheless, 
should be carefully considered. In a recent observational study that has analysed 
the tumor doubling time, it was observed that end-stage kidney cancer shows a 
growth rate of 0.5-1 cm/year in 75% of cases and a faster growth rate, 26 cm/ 
year, in 25% of cases [20]. These data demonstrate that epithelial tumors that 
develop in end-stage kidneys have a great heterogeneity. However, ACKD is not 
a prerequisite for the development of cancer in end-stage kidneys and it repre- 
sents, as carcinoma, the result of a structural rearrangement of end-stage paren- 
chyma. From a histological point of view, end-stage kidney cancer may have its 
own biological characteristics or may be similar to sporadic tumors. A first his- 
tological type (carcinoma in ACKD) is a tumor that shows eosinophilic cells ar- 
ranged in tubulocystic architecture [21]. This histological structure is not exclu- 
sive of carcinoma in ACKD, but it is characteristic for the presence of several 
intracellular birefringent crystals of calcium oxalate. The second type of recur- 
rent tumor in end-stage kidneys is the papillary clear cell carcinoma, similar to 
sporadic cancer, but with a papillary structural arrangement. Metastases are very 
rare in the first histological type and they have never been reported in papillary 
clear cell carcinoma [22]. 


Imaging 

US diagnosis of end-stage kidney tumor requires a skilled operator on US 
since end-stage kidneys are small (<5-6 cm), fibrosclerotic and hardly 
distinguishable into the retroperitoneal space. Small acquired cysts can help 
in identifying end-stage kidney. Kidney profiles and sinus structures are un- 
recognizable. 

At US, RCC appears as a small inhomogeneous nodule (<3 cm), clearly 
outlined from the renal profile and hypoechoic if compared with sclerotic pa- 
renchyma (fig. 5). In some cases, tumor appears as a homogeneous and hy- 
perechoic multifocal mass. This commonly occurs in adenomatous nodules 
associated with chronic reflux nephropathy. The most specific US sign of a 
small tumor in end-stage kidney is the important arterial vascularization 
(peak systolic velocity >30 cm/s), which contrasts with renal parenchyma dif- 
fused vascular sclerosis. Parenchymal and vascular structure of small tumors 
can be better characterized with US 3-dimensional (3D) imaging (fig. 6). 
CEUS utility is unknown due to few data in literature. CT or MRI should com- 
plete RCC diagnosis with contrast medium, especially in pseudocystic tumors 
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Fig. 5. RCC in end-stage kidney. CKD stage 4. a Small hypoechoic nodule deforming the 
parenchymal profile, which is thinned and sclerotic. b Renal nodule shows a poor periph- 
eral vascularization. c CKD stage 5. RCC in end-stage kidney. Exophytic lesion is well evi- 
dent because it alters kidney profile and appears hypervascularized (d). e, f CKD stage 5. 
Carcinoma of end-stage kidney <3 cm, with inhomogeneous feature and irregular vascu- 
larization. K = Kidney. 


(fig. 7), in order to distinguish between complex hemorragic cysts and small 
cystic tumors. Guidelines state that US should be performed every year for 
cancer screening in dialysis and transplanted patients. US is needed to evalu- 
ate the cancer growth rate in those cases in which active surveillance is to be 
preferred over surgical excision [15]. 
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Fig. 6. RCC in end-stage kidney with ACKD. Three different cases of kidney cancer in end- 
stage kidney with ACKD have been studied with a 3-dimensional (3D) volumetric probe. 
3D analysis can help to better study tumor vascularization (a, b), or its morphology in the 
3 planes and in volume rendering. ¢ Solid homogenous and hyperechoic neoplasm in 
end-stage kidney (histological diagnosis of renal adenoma). d Volumetric reconstruction. 
e Tumor necrotic component. Conventional scan (e) and 3D volume acquisition (f). 
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Fig. 7. RCC in end-stage kidney. US diagnosis of RCC must be confirmed by contrast-en- 
hanced CT or MRI, especially in cystic forms. a-c Cystic tumor confirmed by CT. d-f A cys- 
tic form of RCC was suspected at US, instead MRI has diagnosed a complicated cyst. 


Conclusion 
ACKD and RCC are the most important manifestations of end-stage kidney 
structural changes. US is the first level imaging technique in ACKD, because of 


its sensitivity and reliability. Patients with ACKD, either in pre-dialysis/dialysis 
or in transplant period, have to be carefully followed-up in order to exclude the 
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presence of the most serious complication of ACKD, that is, RCC. At US, RCC 
appears as a small inhomogeneous nodule (<3 cm), clearly outlined from the 


renal profile and hypoechoic if compared with sclerotic parenchyma. In some 


cases, tumor appears as a homogeneous and hyperechoic multifocal mass. The 


most specific US sign of a small tumor in end-stage kidney is the important arte- 


rial vascularization, which contrasts with renal parenchyma diffused vascular 


sclerosis. 
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